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Activities of 


In the spring the weather becomes warm, and 
green plants begin to grow from the soil. In a few 
weeks many plants produce beautifully colored 
flowers. The picture shows the stages in the 
opening of a daffodil flower. Flowers such as the 
daffodil do more than add beauty to the world. 
‘They are an important part of the plant. Without 
flowers many plants could not produce more of 
their kind. 

Producing new plants is one special activity 
that green plants carry out. What are some other 
special activities of green plants? How do the 
parts of green plants help them carry out these 
activities? You will find out in this chapter, 
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— LIVING THINGS ARE ALIKE — 


In what ways are living things alike? 


All living things are alike in many ways. One 
way in which they are alike is that they are made 
up of cells. A cell is the basic unit of all living 
things. Cells are sometimes called the "building 
blocks of life.” The cells that make up plants and 
animals can be compared to the bricks in a build- 
ing. Many bricks are needed to make up a build- 
ing, just as many cells are needed to make up. 
most plants and animals. 

Most living things contain many different kinds 
of cells. The cells in your brain are different from 
the cells in your heart, The cells in the roots of a 
plant are different from the cells in its leaves. But 
no matter what kinds of cells they aro, all cells are 
very small. They can only be seen by viewing 
them through a microscope. 


Living things are alike in another way. All living 
things need certain things to stay alive. You are a 
living thing. What do you need to stay alive? 
Three things you need are food, water, and air. 
Plants and animals also need these things, What 
needs are being met by the animals in the pic- 
tures? 

To meet their needs, living things must carry 
‘ut life processes (pros'os iz). Life processes aro 
the activities that keep living things alive. This is 
another way in which all living things are alike 

The life processes carried out by all living 
things are listed in the chart. 
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— TRANSPORTING MATERIALS — 


How do green plants transport the materials 
needed to make food? 


You have learned some ways in which living 
things are alike, One way in which living things 
differ is in how they carry out some of the life 
processes, Most living things get food by eating 
plants and animals, But green plants do not eat 
focd-they make it 

Green plants need three things to make food. 
They need (1) water, (2) carbon dioxide 
(kárban diok'sid), and (3) light energy. How do 
green plants get these things? Food making usu- 
ally takes place in the leaf cells of green plants. So 
the things needed to make food must be trans- 
ported to these leaf cells by the roots, stems, and 
leaves. 

Roots play an important role in transporting 


materials for food making. The picture shows 
small hairlike parts growing out from the sides of 


oot. These aro called root hairs. A root hair 
[pert of a single cell that grows from a root into 
= Seil. Root hairs grow near the tips of roots. Al- 
all the water taken in by roots is taken in by 
foot hairs. The rest of the root helps to anchor 

= plant in the soil and to store food. 
Ihe small root hairs enter spaces between bits 
Esil The water in these spaces is taken in, on 
> arbed by the root hairs. There are millions of 
hairs on most plant roots. Tho more root 
I5 there are, the more water the root can ab- 
The picture shows how root hairs look un- 

= microscope. 


Root heirs under a microscope 
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Materials paper towe! / selt-sealing plastic bag / 
4 radish or bean sesos / stapler / 2 pushpins / jar / 
hand lens / scissors / tweezers / microscope slide + 
microscope 


Procedure 
A. fold a paper towel in half and put it in e plastic 
bag. Place the bag on a table. 


B. Place four seeds on the parer towel inside the 
bag. Stople the bag and towel beneath each 
seed as shown, Then staple tho sides of the bag. 


©. Use two pushpins to pul the bog on a bulletin 
boord. Open the bag and carefully pour some wa- 
er behind the towel. The water level should not go 
above the staples beneath the seeds Sealthe bag, 


D. Check the seeds sach coy. When the roots are 
about 3 om long, take the bog down. Carefully ro- 
move the seeds trom the bag. Examine the fuzzy 
areas on the roots with a hand lens. 
4. Describe what you see. 
2. Draw a root and show where the root heirs 
are. Labol the drawing. 


E Use scissors to cut off ono root from a seed 
Carefully pick up the root with weezers and place 
ton amictescope side. Examine the fuzzy areas of 
the rcot uncer a microscope 
3. Make a drawing of the root hairs as they look 
under a microscope, 


Conclusion 
4. Describe what the root hairs look Ike. 

2. Wry is it helpful for a plan: fo have many root 
hairs? 


Using scienco ideas 
Many plants that jvo in water do not have root 
hairs. Why don't these plants need root hairs? 


From the roots, water is transported to the 
stem. The stem is the art of the plant between 
the roots and the leaves, The stem transports wa- 
ter and food to all parts of the plant through 
tubes. 

The picture shows the inside of a stem. Notico 
that there are two kinds of tubes within the stem, 
Both kinds of tubes occur in bundles. One kind of 
tube transports water upward from the roots to 
the leaves, The other kind of tube transports food 
from the leaves downward to all parts of the 
Plant. Look at the bundles of water-carrying 
tubes. In what direction does water move 
through the stem? Where does it go? 
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Water is transported from the stem to the 
leaves, Most leaves contain small thin tubes 
called veins (vánz). The veins are much like the 
tubes in the stem. They carry water and food to 
and from leaf cells. 


Besides water, leaf cells nood carbon dioxide to 
make food. Carbon dioxide is one of the gases in 
air, How does air get into a leaf? The picture 


shows the underside of a leaf as seen through a 
microscope. Notice the openings in the leaf. 
These openings are called stomata (stó'mo te) 
Air enters a leaf through these stomata 

Light energy is the third thing needed for leaf 
cells to make food. Most leaves are flat and thin. 
This allows light to reach the food-making cells in 
side the leaf. 


Finding 
out 


Where cre the woler-cartying tubes in a stem? Put sev- 
‘eral drops of red food coloring in c gloss three-fourths 
filec with water. Stir the water. Get a celery stalk with 
some leaves still on it, Cut about 3 cm off the bottom or 
the stalk. Place the stolk in Ihe colored water and allow 
it to stay ovemight, 
The next day examine the leaves. What has hop- E 
ened? Why did fnis happen? Take the stalk cut of the 
water and cut off another 3 cm. Look at the bottom of 
the cui stalk. Whore aro the wator-carying tubes? How. 
do youknow? 4 = 
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Tho drawing shows how a greon Plant gets the 
things it needs to make food 
1. Wator enters the r 
the stem to the leaf. 
2. Air. containing carbon’ dioxide, enters the 
leaf through the stomata 
3. Sunlight striking 


9015 and moves through 


the leaf provides the 


energy that leaf cells need to make food, 
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— FOOD MAKING IN A LEAF — 


How do green plants make food? 


Imagine a factory in which bread is made. 
Flour, milk, and other materials are needed to 
make bread. These materials must first be trans- 
ported to the factory. Then they must be mixed 
‘together to form dough. The dough is thon baked 
in ovens. Heat energy is needed for baking. The 
product that is made by this process is bread. 


‘The leaf of a green plant is much like a factory. 
Water and carbon dioxide are materials that must 
be transported to the leaf factory. Sunlight pro- 
vides the energy to make the product. Food, in 
the form of sugar, is the product that is made 
‘The process by which green plants make food is 
called photosynthesis (fo to sin'tho sis). 

To better understand photosynthesis, you 
should first know what the inside of a leaf is like. 
You can see chloroplasts (klór'o plasts) in the cells 
of this leaf. A chloroplast is a small green body in 


lect cross section 
plant cells. The green color comes from a special 
material that is nooded by the plant ta make food 
This material is called chlorophyll (klór'o Al) 

Tho drawing shows how the cells inside a leaf 
would look under a microscope. Notice the waxy 
covering on the top and bottam. Beneath this cov- 
ering is a single layer of cells. These cells help 

i protect the leaf from damage, Usually these cells 
i do no: contain chloroplasts. Find these cells in the 
i drawing. Notice the stomata in the bottom layer 
f of these cells. As you learned, gases enter and 
f leave the plant through these openings. 

i ‘The food:making cells are in the middle part of 
the leaf. There are a great many chloroplasts in 
these cells. Around the food-making cells are air 
spaces. These air spaces are connected to sto- 
mata and allow carbon dioxide to reach the food- 
making cells. The vein contains cells that carry 
‘water to the food-making cells. 


aid You have seen how the food-making cells get 


the water and carbon dioxide they need to make 
food. Now you will see how food is made in these 
elis. Refer to this drawing as you read the steps. 


1. Sunlight strikes the leaf and passes through 
to the cholorophyll in the food-making cells, 
where itis trapped. 

. Water is carried to the food-making cells by 
the vein, 
Tho sun's energy is used to change water 
into two gases, hydrogen and oxygen (ok'sa 
jen) The oxygen gas, a waste product, 
moves out of the leaf through the stomata. 

. Carbon dioxide gas enters the leaf through 
the stomata’ and moves to the food-making 
cells 


5. The hydrogen gas joins with carbon dioxide 
ica máke food, p type of sugar, The sugar 
{S carried by the vein to the rest of the plant 
A way to show what happens during photosyn- 
thesis is; 


Maler + carbon dioxide + energy — sugar + oxygen 
tom sunighty 


them taste sweet? Theso Sweettasting plants 
Contain much stored sugar. 

Some of the extra sugar made by the plant is 
een 
quis of the Plant. A white potato js an under 
ein that Contains large amounts or 
Stored starch, 
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— USING THE ENERGY IN FOOD — 


How do plants use the energy stored in food? 


Living things need energy to carry out the life 
processes. They get energy from food. But the 
energy in food is stored energy. It must bo re- 
leased boforo it can be usod by living things. Res- 
piration (res pa rá'shan) is the process by which 
living things use oxygen to release energy in food. 
This process takes place in the colls of all living 
things. 


RESPIRATION 
(eniorged roci cel) 


|| 


Before cells can carry out Tespiration they must j 
first have food. How do plants get the food 


1. Sugar is made in the leaf, 
* It is carried by the veins in the leaf to the 
Stem. Food:-carrying tubos in the stem trans- 


port Sugar to all parts of tho stem and dows, 
to the roots. 


3. The enlarged plant cell in the drawing shows 
a 
bines with sugar in the cell, p 
%- When oxygen and sugar combine, energy is 
released. The energy is used by the coi to 
carry out life processos 
5. Carbon dioxide and water are given off as 
waste products. 
A way to show what happens during respira- 
tionis: T 
Sider + axygen — energy + carbon diexice + waer 


The process of respiration is the opposite of the 
mess of Photosynthesis. Look at the chart, 
Compare the two processes. 


| 


i 


— PRODUCING NEW PLANTS — 


How do flowers produce seeds? 


Some of the energy released by plants during 
respiration is used for reproduction (rë pre- 
cuk’shan). Reproduction is the process by which 
living things produce new living things of the 
same kind. Many green plants grow flowers. A 
flower is the reproductive part of a flowering 
plant. 

Many flowers have three main parts. The draw- 
ing shows the parts of a typical flower. The main 
parts of the flower are the petals, the stamen 
(sta’men), and the pistil. You will see the role that 
each part plays in reproduction. 


The petals are 


| 
I flower. 
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Materials 2 different kinds of flowers / hand lens / 
microscope side / microscope / straight pin / 
sheet of paper 


Procedure 
A. Look at and compare two ficwers. Identify the. 
petals of each flower. Smell them. 

4. What color are the petals of each flower? 

2. Do the pelos of either flower have an odor? 


B. identify the stamens and ihe pisti of each 
flower. Use a hand lens to help you see the parts. 


C. Choose one flower and look at ils inner parts. 
Carefully tear off any leafy parts around the petals. 
Then tear off the petals, 


D. Gently remove one stamen and look at the top 
part with a hand lens. The powdery material is 
made up of many pellen grains. Shake some of the 


pollen grains onto a microscope slide. Look at the 
slide under a microscope. 
3. Drew some pollen grains. 


E. Remove the rest of the stamens. Place the pistil 
‘on a sheet of paper. Use a straight pin fo pick 
apart the base of Ihe pistli. The ovules are inside. 
{his bose. Use a hand lens to look al the ovules. 

4. Dicw what you see. 


Conclusion. 
1. What parts do the two flowers have in common? 
2. What are some differences between the flow- 
en? 


Using science ideas 
Suppose you wanted to know how many seeds the 
flower you looked at could produce, How coul 


youfind our? 


For reproduction to take place, pollen grains 

; Must reach the top of the pistil. Pollination (pol ə- 

na’shen) is the process by which pollen grains 

move from the stamen to the pistil. There are two 

main ways in which flowers are pollinated. One 
way is by insects. Another way is by the wind. 

Most flowers are pollinated by insects, Some in- 
Sects, such as the honeybee, are attracted to 
flowers that have a sweet odor and colorful pet- 
als. Honeybees feed on a sweet liquid produced 
by the flower. As the honeybee feeds, it brushes 
against pollen grains on the stamen. The pollen 
sticks to the bee, As it moves, the bee carries the 
pollen to the pistil, 

Other flowers are pollinated when the wind 
blows. The wind carries pollen grains from the 
stamen to the pistil. Plants that do not have a 
‘sweet odor and colorful petals are often pollinated 
in this way. Grasses and trees, such as ‚those 
shown, are pollinated by the wind, 
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‘The drawing shows what happens when a pol- 
lea grain lands on the top of the pistil. The top of 
the pistil is sticky. So the pollen grain sticks to it. 
The pollen grain begins to grow a tube. The tube 
grows down through the pistil until it reaches an 
ovule. When it reaches an ovulo, the male cell 
from the pollen grain combines with a female cell. 
The joining of male and female reproductive cells 
is called fertilization (fer to lo za'shon) 

The fertilized ovule becomes a seed containing 
a tiny young plant and stored food. The tiny 
young plant is called an embryo (em’bré 6). When 
conditions are right, the embryo begins to grow. 
The growth of a plant embryo from a seed is 
called germination (¡$r mo na’shan). As the em- 
bryo grows, it uses the food stored in the seed. 


Gominating squash scods 
Once it reaches a certain size, the young plant 
will make its own food by photosynthesis. The 


Picture shows seeds in different stages of germi. 
nation 


IDEAS TO REMEMBER 


> The activities of living things that keep 
them alive are called life processes 
> The cell is the basic unit cf living things. 

> Photosynthesis is the process by which 
cells containing chlorophyll use water, car- 
bon dioxide, and light energy to make food 

» Roots, stems, and leaves help supply food: 
making leaf cells with materials needed for 
photosynthesis. 

» Respiration is the process by which living 
things use oxygen to release the energy in 
food. 

» Reproduction is the process by which living 
things produce new living things of the 
same kind. 


» A flower is the reproductive part ofa plant. 
» Seeds form from the fertilized ovule inside 
the pistil of a flower. 


— Chapter 2 ———— 


Animals Without 
a Backhone 


‘The spider on this page is a great hunter. Did 
you know it can jump great distances? It can 
jump 40 times the length of its body. Can you see 
its four large eyes? It can see its insect victim 
from very far away. j 

In this chapter you will learn about all kinds of 
animals. Some of the animals are'small, like the 
spider. Others are much larger than the spider. 
Some of these animals live in and near your home. 
Others live in oceans or on mountaintops. 

You will find out about flying animals, floating 
animals, and creeping animals. You will learn 
about how they look and where they live. This 
chapter will shov you how they aro different and. 
how they are alike. 
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— CLASSIFYING LIVING THINGS — 


How do scientists classify animals? 


For a few minutes make a list of all the animals 
you can. How many animals did you think of? 
‘There are many different kinds of animals. 

Did you think of a dog, a cat, and a horse? You 
probably did. The chances are you did not include 
à sponge, a clam, or an earthworm, But these are 
animals, too 

Think of a way to divide up your list of animals 
into groups. For example, you could group all 
large animals together and all small animals to- 
gether. You could group all fast animals and all 
slow animals together. Putting animals into 
groups is one way to sort them out. Putting ani- 
mals into groups makes them easier to study. 


Scientists who study animals classify (klas/a fi), 
or group, them. To classify is to arrange in 
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groups by features that are alike. Scientists clas- 
Sify animals by structure (struk'char). The struc- 
ture of an animal is the kind of body parts it has 
and the way these parts are arranged. One struc 
ture scientists look for in classifying animals is the 
backbone. The backbone is mado up of many 
small bones called vertebrae (vór'to bra). Ver- 
tebrae are linked together to form the backbone 
Some animals have a backbone and somo do 
not. Sciontists have classified all animals into two 
large groups. One group is made up of animals ¡EA 
with a backbone. An animal with a backbone is Chimpenzee mother with baby 
called a vertebrate (vér'ta brit). The other group BEES 
is made up of animals without a backbone. An am. 
imal without a backbone is called an inverte- 
brate (in ver'ta brit). In this chapter you will learn 
about invertebrates, Which animals in these pic- 
fures have a backbone? Which do not have a 
backbone? 
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SPONGES 


What is a sponge, and how does it look? 


What do you think of when you hear the word 
sponge? You may think of a pink or blue pad used 
to clean the dishes. That kind of sponge is made 
by people. A sponge is also an animal. A sponge 
is an invertebrate that has many cells. Almost all 
sponges live in oceans. A fow live in freshwater 
streams and lakes. The orange sponge in the pic- 
ture lives in the Atlantic Ocean off the northeast 
coast of the United States. 

‘Sponges do not have many of the parts we usu- 
ally think of as animal parts. Most animals move 
about, but adult sponges stay in one place. They 
are found attached to rocks or other objects at the 
bottom of the ocean. In fact, for many years sci 
entists thought sponges were plants. Why do you 
think they dia? 

‘The structure of a sponge is simple. Its body is 
full of small holes called pores. The pores are con- 
nected to one another by narrow canals, 


Special celis line the canals inside the spongo. 
Each cell has a threadlike part that whips back 
and forth. The movements of these threads send 
water through the body of the sponge. The water 
that passes through the sponge contains food and 
oxygen. Gells inside the sponge break down the 
food. The oxygen is used to release the energy in 
the food. 

Sponges have many different shapes. Some are 
shaped like cups, some like fans, and others like 
vases, The shape of a sponge depends on its 
Skeleton. The skeleton is the structure that sup- 
Ports the body of an animal. 

The skeleton of some sponges is made up of 
hard material. But other sponges are made up of 
soft material. This soft skeleton is sometimes 
used in the home as a cleaning sponge or bath 
f "sponge. It is usually a light brown or yellowish 
color. Tt is not the same as the pink or blue sponge 
made by people. Are any sponges in your home 
from the soft skeleton of the animal? 


ing sponge made similar fo an animal sponge? 


How much water can a sponge hold? Get cn animal 
sponge, a container of water, and a measuring cuo. 
Soak the sponge in the water for about 5 minutes Re- 
move the sponge from the water, Squeeze the water 
Into the measuring cup. Measure the volume of water 
that was in the sponge. Record this volume of water, 
Howrnuch water did the sponge hola? Why is a clean- 
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- ANIMALS WITH STINGING CELLS - 


What are animals with slinging cells. 
‘and how do they look? 


The hydra, jellyfish, and sea anemone (9 nema- 
nō) are also invertebrates. Like sponges, they do 
not have a backbone. Hydras live in freshwater 
ponds and streams. Most jellyfish and sea 
‘anemones live in oceans. 

‘These animals are more complex than sponges. 
Their body is shaped like a hollow sac. The sac is 
‘open at one end. The hydra uses the opening in 
two ways. It is used for taking in food and for get- 
ting rid of wastes. The opening is surrounded by 
‘one or moro rings of tentacles (ten'te kelz). A ten- 
tacle is a long, armlike part: The picture shows a 
hydra with six tentacles around the opening. 

Hydras and jellyfish use their tentacles to catch 
small animals for food. Sea anemones catch food 
in the same way. The tentacles contain many 
stinging cells. A stinging cell is a special struc. 
ture used to help capture food. How does a sting. 
ing cell help capture food? When a small animal 


comes close, the stinging cells explode. The ex 
plosion pushes tiny ppisonous threads into the 
victim. These threads provent the animal from 
moving. They may even kill it, The animal is then 
Pushed into the mouth by the tentacles and swal. 
lowed. The drawing at the bottom of page 32 


Shows how the hydra captures and eats a tiny ani- 
mal called a daphnia. 
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WORMS 


What are the three main groups of worms? 


Scientists classify worms into three main 
Groups. Those groups are the flatworms, the 
Toundworms, and the segmented (seg'man tod) 
worms. The structure of worms is more complox 
than that of sponges. It is more complex than the 
structure of the animals with stinging cells. 

Tho first group of worms is the flatworms, Tho 
flatworm is the simplest type of worm. Some live 
in streams and ponds. What is the shape of a flat- 
Worm's body? 

A common flatworm found in fresh water is the 
planarian (plo nar'é n). There aro nerve cells in 
the head of tho planarian. Those cells act like a 
simple brain. Above this “brain” are two sense 
Organs. An organ is a body part that does a cer- 
tain job. These two sense organs are called oyo- 
Spots. Evospots can sense light. Can you find the 
eyespots on these planarians? 

Planarians have a very unusual ability, They 


can regenerate (ri jen'e rät), or regrow, body 
parts that are missing. For example, if their tail is 
cut off, planarians grow a new tail. If their head is 
Cut off, a new head will grow. They can also ro- 
Generate part of their body. Ifa cut is made down 
the center of tho head, two heads will grow. Look 
at the drawings of what these amazing animals 
can do! 

Mest flatworms are parasites. A parasite 
(para sit) is an animal or plant that depends on 
‘and harms another animal or plant. ‘Tho animal or 
Plant on which a parasite depends is the host. A 
Parasite often depends on its host for food. 

The tapeworm is an example of a flatworm that 
js a parasite, Tapoworms live in the digestive sys- 
tom of animals. A digestive (da jes'tiv) system is a 
group of body parts that breaks down food. A 
fapeworm does not havo its own digestivo sys 
tem. The host animal does the eating and the di- 
gesting. The tapeworm takes in digested food 
through an opening in its body. It uses the host's 
food. The host loses weight and becomes weak. 
Some tapeworms may grow as long as 9 m. 


REGENERATION IN A PLANARIAN 


The second group of worms is the roundworms. 
A roundworm is a worm that has a long tube- 
shaped body with a digestivo system. The diges- 
i tive system is made up of a tube that has an open- 
D! ing at each end. Food is taken in through the 
i mouth opening. Wastes leave through the other 
| | opening. The drawing shows the two openings in 
ul the roundworm's body. Most roundworms live in 
i soil, where they eat dead plant and animal mat- 
i ter. Other roundworms are parasites that live in. 
| host animals. Dogs must be treated to get rid of 
| roundworms, 

| 
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woste opening 


Rouncworm. 


The third group of worms is the segmented 
worms. A segmented worm is a worm whose 
i body is divided into segments, ar sections. The 
4 segments look like a series of little rings. These 
H segments are clearly shown in the picture of the 
worm on the next page. 

Segmented worms are much more complex 
than flatworms or roundworms. A series of hearts 
pump blood through tHo worm's body. The blood 


travols in a system of closed tubes. Like round- 
worms, segmented worms have two body open- 
ings anda digestivesystem. 

The earthworm is the best-known segmented 
worm. Earthworms live inside tunnels in wet soil. 
‘Their body structure allows them to move easily 
through soil. Each segment, except the first and 
last, has four pairs of bristles (bris'olz). A bristle 
is a stiff, strong hair used for moving. You can see 
the bristles in the drawing of the earthworm. The 
earthworm also uses the bristles for clinging to 
the walls of the tunnels it livos in. 


How does an earthworm look? How does it move? 


Materials earthworm / metric ruler / hand lens / 
paper towel / pan or tray 


Procedure 
A. Corefully hold the earthworm in one hand, Use 
a hand lens to examine the earthworm. Moosure 
the length of the earthworm’s body. 

1. How long is the earthwarm’s body? 
B. Count the number of body segments, 

2, How many segments does the earthworm 

have? 

C. Find the mouth. Rind Ihe lighi-colored swelling 
on the earthworm's body. It is about one thid 
from the front end of the body. It s used in ropro- 
duction. 
D. Gently run your index finger over the segments 
You should be able to feel bristles on the seg- 
ments, Look at the bristies with a hand lens. 

3. Draw the earthworm. Label its parts. 
E. Place a moist paper towel ina pon or troy. 
Place the earthworm cn the towel 
F. Watch the ecrihworn move on the towel 

4, How do the segments change? 

5. How does the earlhworm use its bristles? 


Conclusion 
4. In your own words describe the parts of on 
earthworms body. 

2. Describe how the earthworm moves. 


Using science ideas 
Pace the earthworm in a container of loose moist 
soll. Use a honc lens to observe the way it behaves 
in the soil -How migpt the corihworm's behavior bo 


helpful to the soll ena to planis growing in the soll? 


— ANIMALS WITH SPINY SKIN — 


What are echinoderms, and how do they look? 


If you have ever been to the seashore, you may 
have seen some echinoderms (i kina dermz). An 
echinoderm is a spiny-skinnod invertebrate that 
dives in tho ocean. A spine is a sharp, pointy struc- 
ture. The body of an echinoderm is hard and cov- 
ered with spines. Some of these animals have 
short spines. Others have long spines. The pic- 
tures show some well-known echinoderms. 

A common echinoderm is tho starfish. Most 
starfish have five arms that come out from the 
center part of the animal. On the underside of 
each arm are two rows of tiny tube feet. A tube 
foot is a hollow structure with a sucker at the 
end. Most echinoderms have tube feet. The pic- 
thre shows a closeup of the tube feet on a star- 
fish, 

The starfish uses its tube feet to pull itself over 
the ocean floor. Tube feet also help the starfish 


Starfish 


Close-up of tube feet 


Rogeneraling body ports 
40 


get food. When a starfish finds a clam, it begins a 
kind of tug-of-war. The clam protects itself by 
tightly closing its two shells together. The starfish 
attaches its tube feet to both shells and begins 
pulling. Tt tries to pry the shells apart. Sometimes 
tho tug-of-war goes on for a long time. But the 
starfish almost always wins. 


Stach ottacking shelifah 


The starfish eats both oysters and clams. So 
people who gather this seafood do not like star- 
fish, In the past, theso people tried to get rid of 
starfish by cutting them into pieces. They threw 
the pieces back into the ocean. Instead of solving 
their problems, they made them worse. Some of 
the starfish pieces grew into whole new starfish. 
Why did this happen? The starfish is an animal 
with a very unusual ability. Like the planarian, it 
can regenerate, or regrow, body parts that are 
missing. When the piecés of starfish were thrown 
into the water, the number of starfish really got 
larger. Each piece grew into a whole new starfish. 


— ANIMALS WITH A SOFT BODY — 


What are mollusks, and how do they look? 


The clam and the Octopus belong to a group of 
animals called the mollusks (mol'osks). A mollusk 
is an invertebrate with a soft body. Some mol 
lusks have two outer shells. Others live inside a 
one-piece shell or have no shell at all. Many mol- 
lusks live in the ocean. Others live in fresh water 
or on land. 

The body of a mollusk is more complex than the 
body of an echinoderm. For example, the mollusk 
has the beginning of a true eye. The picture 
shows the eyes on the body of a scallop. Mollusks 
also have a more complex system for pumping 
blood. Blood s pumped through blood vessels into 
spaces in the animal's body. 


E em 


Clams, oysters, and scallops are twoshelled 
mollusks, The shells aro hold together by mus- 
cles. The muscles open and close the shells like a 
hinge. The two-shelled mollusks have a part 
called a foot. This foot, made of a strong muscle, 
is used for digging, It is also used for pulling the 
animal along the ocean floor. Notice the foot of 
the scallop in the picture 

Snails, and slugs are other common mollusks. 
Both have a large muscular foot. The foot gives 
fil off a layer of slime. Snails and slugs glide along on 
1 this layer of slime. The main difference between a 
slug and a snail is the shell. Usually slugs do not 


Land snail on leaf 


have a shell, while snails have a shell. The snail's 
shell protects it from enemies. When in danger, 
the snail can hide inside its shell. Some other mol- 
lusks in this group are limpets and periwinkles 
(per'o wing kalz). These two mollusks are shown 
inthe pictures. 

There are two other common mollusks that 
have no shell. These mollusks are the squid and 
the octopus. Both have long tentacles. The ten- 
tacles are lined with suckers. These suckers help 
them to catch other animals for food, The squid 
and the octopus have an unusual way to protect 


^ 


moet 


‘Octopus and closo-up of suckers 


themselves. They give off a cloud of dark liquid 
‘when they are in danger. This dark liquid, called 
ink, keeps them from being seen while they 
escapo from their enemy. 

Mollusks such as clams, oysters, and scallops 
are a source of food for many people. In some 
countries certain land snails are gathered and 
cooked for food. The abalone (ab o löne) is an 
ocean snail that is gathered by divers. Its foot is 
so large that it is cut up and served as abalone 
steaks. Squid and octopus are also favorite foods 
of many people. 


"Do you know? 


There ara invertebrates thet 
produce pearls, Some oysters 
native in tropical cols make 
Pears that ars very valuable, 
Large. porfectly shaped pecoris. 
te cs valuable assome of the 


 Gellsinside the oysters shall pro- 
duce a material called nacre. 
Parken hat forms araura the 
particle Nacre is also called 
mother-of-pearl me particle bo- 
‘comes coated by many thin lay- 
wis cf nacre, Atterseverclyecrs, 
the particle s completely eov. 
ered. A bright, shiny pearl has 
been formed. 


— ANIMALS WITH JOINTED LEGS — 


What are the four main groups of arthropods? 


The arthropods (ar'thro pocz) make up the larg- 
est group of animals. Some people think thoro 
may be as many as 10 million types. An arthro- 
Pod is an invertebrate that has a segmented body 
and jointed legs. The body has two or three seg- 
ments. The number of jointed legs is used to di- 
vide the arthropods into groups. Can you find the 
three body segments on the pictures of the ant? 


Segmented body of ant 

All arthropods have a hard outer covering. In 
some arthropods the covering is harder than in 
others. This hard outer covering is called the 
exoskeleton (ok so skel'a ton). It is like a skeleton 
on the outside of the animal's body. It protects 
the soft parts of the body. Arthropods also have 
well-developed sonse organs and a head with spe- 
cial mouth parts. 


There are four main groups of arthropods. ‘The 
first group includes millipedes and contipedos, A 
millipede looks very much like a worm with many 
legs. The word millipede means “thousand legs.” 
(Milli. means "thousand" and -pede means 
"foot" Each segment of a millipede has two 
pairs of legs. The millipede is a harmloss animal 
that eats plants. When in danger, it may curl up 
into a ball 

A centipedo is also wormlike but has fewer legs 
than a millipede. The word centipede moans 
“hundred legs.” (Centi- means "hundred" and 
“pede means “feot."’) Unlike a millipede the centi- 
pode eats other animals. It uses a pair of poison 
claws near its mouth to capture its food. With 
these claws the contipede can inject poison into 
another animal 

The second group of arthropods includes 
shrimps, lobsters, and crayfish. Animals in this 


group are also called crustaceans (krus ta’shonz). 
Almost all the arthropods in this group live in wa- 
ter. Shrimps and lobsters livo in the ocean. Cray- 
fish live in fresh water. Crustaceans have five 
pairs of legs. Their exoskeleton is divided into two. 
main parts. These arthropods move by muscles 
attached to their exoskeleton, 


The third group of arthropods includes animals 
such as spiders, ticks, and mites. These animals 
have four pairs of legs. Thoy also have two main 
hody parts. Most spiders are harmless. In fact, 
many are useful bocause they kill insocts that are 
probloms for people. You probably have seen spi 

der webs. Why do you think spiders make webs? 


Spider mapping insect 


A few spiders, such as the black widow, are poi- 
sonous. Ticks and mitos are parasites that live by 
sucking blood from other animals. Ticks are also 
very annoying to pets, such as dogs and cats 


"ick on skin 

‘The fourth and largest group of arthropods is 
made up of insects. There are more different 
kinds of insacts than all other animals and plants. 
An insect is an arthropod that has three pairs of 
legs and a body that is divided into three parts. 
The three parts of the body are the head, the ab- 
domen (ab'de man), and the thorax (thór'aks) 
The abdomen is the rear part of an insect's body. 
The thorax is the middle part of an insoct's body. 
Wings and legs are joined to the thorax. The 
drawing shows the three main parts of an insect's 


FARIS OF AN INSECT 


Cempeunc oyes otinsect 

Insects have very unusual sense organs. Most 
adult insects have compound eyes. The com 
pound oye has thousands of lenses, as you can see 
in the picture. It lets the insect see motion, For 
example, bees can seo flowers moving in a slight 
breeze. But they cannot seo the details of the 
flower. 

An insect's head has two feelers, or antennae 
(an ten'e). The antennae help the insect smell 
and feel. Somotimes the antennae are used for 
tasting and hearing. 


Antennae 


Materials egg carton / 8 pipe cleaners / several 
small buttons / scraps of fabric / 8 Styrofoam balls. 
4 each of 2 different sizes / glue / construction po- 
per /fell-lio pens / twistties / scissors / clay 


Procedure 
AA, Use your imagination! Create your own insect. 
The insect does not have to lock like any known in- 
sect. But it must have all he body paris needed by 
an insect, 

1. How many body parts will your insect have? 

2. How many legs will your insect have? 


B. You may use any of the materials supplied. You 
moy bend and twist the pipe cleaners and the 
twisi-fies. You may glue paris of the body togather. 
3. What are the names of the three parts of your 
Insect's body? 
4. To what parts of the Insects body ore the legs 
attached? 


C. Try giving your insect special mouth parts. De- 
Gide whether you want your insect to chew, suck, 
or pierce with its mouth parts, 
5. Is your insect beginning to look like any insect 
you have seen? Which one? 


D. Be sure you add antennae to your insects 
head. 
6. How does an insect use its antennae? 


Conclusion 
^. insects have four common characteristics. What 
to they? 

2. Usi all the poris of your insect. Next to each write 
what it does 

Using science ideas 

Describe the type of surroundings where your In- 
sect might live. 


J 
—————— 1 


.— Insects have special mouth parts. These parts 
| are formed for chewing, sucking, or piercing, The 

kind of mouth parts an insect has depends on the 

food it eats. For example, beetles and grasshop- 

pers eat leaves. Their mouths have parts that cut 
| and chew. Butterflies and moths have mouth 
paris that suck up juices from flowers. Mosqui- 
ioos have mouth parts for piercing the skin and 
sucking blood. 

TYPES OF voum pars 


Chewing mouth parts Sucking mouth parts * Piercing mou paris 


Dregontly molling 


An insect's body is covered with an oxoskolo- 
ton. The exoskeleton does not grow as the insect 
grows, When the covering gets too small, the in- 
sect molts (molts) To molt is to shed the hard 
outer covering, The exoskeleton splits down the 
middle. The insect then works its way out. Once 
the old covering is shed, the insect forms a new 
exoskeleton, 

Insects are both harmful and helpful. Some in 
sects feed on other insects that destroy crops. 
‘The ladybug is an example of this type of helpful 
insect. Many insects are also an important source 
of food for fish, birds, frogs, and other animals. 


Many insects are pests. An insect called the 
doll weevil (bol _we'val) damages the cotton 
crop. Termites, which live on wood, can destroy 
homes made mainly of wood. Somo insects can 
carry disease to animals and people. A mosquito 
carries the serious disease called malaria. Insects 

- are both helpful and harmful. 


IDEAS TO REMEMBER 


> Scientists classify animals in groups by fea- 
tures that are alike. 
> An animal with a backbone is called a ver- 


tebrate. An animal without a backbone is 
called an invertebrate 

| > A sponge is an invertebrate with a simple 

| body full of poros. The pores are connected. 


to one another by narrow canals. 

> Hydra, jellyfish, and sea anemone are in- 
vertebrates with stinging cells and ten- 
taclos 

> Scientists classify worms into three 
groups-flatworms, roundworms, and seg- 
mented worms. 

> An ochinoderm is a spiny-skinned in- 
vertebrate that lives in ocean waters, 

> A mollusk is an invertebrate with a soft 
body. Some mollusks have two outer shells; 
some live inside a one-piece shell; others 
have no shell at all. 

> An arthropod is an invertebrate that has a 
segmented body, jointed legs, and a hard 
outer covering. 


Boll woevils 


Chapter 3 


Animals 
With a Backbone 


Can you imagine a baby that has a mass of over 
7,000 kg and is over 7 m long? This is the mass 
and length of a baby blue whale when it is born. 
Trs mothor may have a mass of over 110,000 kg! 

‘The blue whale belongs to a group of animals 
called the vertebrates, Vertebrates are animals 
with a backbone. There are five main groups of 
vertebrates. Fish, frogs; snakes, birds, and dogs 
are examples of animals from each main group. In 
this chapter you will learn about the animals from 
each of the groups. You will see how the animals” 
are different and how they are alike. 


56 Boe whale 


FISH 


What are the main characteristics of fish? 


Fish are vertebrates that live in water. They are 
cold-blooded animals. A cold-blooded animal is 
an animal whose body temperature changes with 
the temperature of the water or air around it 
When the air or water around such an animal is 
cold, the animal becomes cold. A cold-blooded 
animal becomes warm when tho air or water 
around it is warm, 

The skeleton (skel'a ten) of a fish is simpler 
than that of other vertebrates. Most fish have 
skeletons made of bone. The shark and the stin 
ray have skeletons made of cartilago (kár'to lij. 
So some scientists believe that sharks and sting- 
rays are not true fish. Cartilage is a soft, bonelike 
material that bends. You can feel cartilage in the 
tip of your nose. 

Mosi fish are covered with scales. A scale is a 
flat bony structure. Scales cover the body of a fish 
and protect it, Fish also have fins. A fin is a struc- 


TYPES OF FISH SCALES 


ture on a fish that helps it move through the wa- 
ter. The drawing shows the difforent fins on a 
fish. How many fins can you count on this fish? 
Almost all living things need oxygen. Animals 
that live on land get oxygen from the air. You 
may wondor how fish get oxygen under water. 
There is oxygen dissolved in the water. Fish take 
in the oxygen found in water through their gills. 
Gills are thin, feathery structures that are filled 
with blood. Fish use gills for breathing, To 
breathe, a fish takes water into its mouth. The 


STRUCTURE OF Fish 


water then flows over the gills. Oxygen from the 

water goes into the blood in the gills. The blood in 

the gills picks up a waste material from the rest of 

the fish's body. This waste material is carbon 

dioxide. The carbon dioxide passos through the 

gills and then out of the body into the water. This 
» is how the fish breathes under water, 


HOW GILLS WORK 


water roving in 


DIFFERENT TYPES OF ASH 


Fish are found in both fresh water and salt wa- 
ter. They are found in many shapes and sizes. 
Some fish look very different from most other 
fish. The seahorse looks like a tiny horse. The eel 
has a long slender body and small scales. 

Fish are a major source of food for people, For 
thousands of years fish have been gathered from 
streams, rivers, and oceans. Each year about 66 
billion kg of fish are caught. This is enough to 
feed each person on earth about 17 kg of fish a 
year. 


Finding 
out 


What does a fish scale tell about the ago of a fish? 
Each year a fish adds another ting to I's scales. You can 
tell no age cf a fish by counting the tings in is scales 
You wit need a nand lens and some fis scales. Lock at 
‘he fish scales with a hand lens. Count the number of 
tings on one scale. How many rings ore ther? How old 
is the fish? Do all he scales you looked at have the 
same number of tings? Try looking at the scales of other 
fish 


AMPHIBIANS 


What are the main characjeristics of amphibians? 


An amphibian (am fib’é on) is a cold-blooded 
vertebrate that lives part of its life in water and 
Part on land. Frogs, toads, and salamanders are 
some common amphibians. The outside of an am. 
phibian's body is usually moist and slimy. 
Amphibians do not have scales. 


Southern food 


Most adult amphibians live on land. They re- 


tum to water to lay their eggs. A few amphibians 
Spend almost their entire lifo in water. These in. 
clude bullfrogs and some salamanders, such as 
mud puppies 


Gils of mua pupoy 


UFECVCIE OF AFROG 4 


‘Most adult amphibians breathe through lungs. 
Lungs are organs through which animals get oxy- 
gen from air. The mud puppy does not have 
Jungs. Ix has gills outside its body through which 
it can breathe under water. Amphibians with 
Jungs cannot live completely in water. They must 
come to the surface to breathe air. Amphibians 
can also get oxygen through their skin. 


Amphibians such as frogs and toads go through 
several stages of growth during their life. Look at 
the drawings and follow the life of the frog. The 
frog lays its eggs in the water. Fishlike animals 
called tadpoles hatch from these eggs. Tadpoles 
live in water and have gills. As the tadpole gets 
older it grows a tall. At this stage the tadpole 
looks more like a fish. Then back legs and front 
legs form. The frog glevolops lungs and comes out 
on land. Adult frogs usually live on land and have 
lungs. Other amphibians go through stages of 
Growth like this. 


NT 
What are the main characteristics of reptiles? 


A reptile (rep'tt) is a cold-blooded vertebrate 
that has lungs and dry skin. Almost all reptiles 
have scales. Most reptiles live on land and lay 
eggs. Some give birth to live young, The eggs of 
reptiles are laid on land, These eggs have a tough 
covering that prevents the eggs from drying ont 
on land, 

There are four main groups of reptiles. These 
are the alligators and crocodiles, the snakes, the 
lizards, and the turtles 


Fine snakes hatehing fiom eggs 


Alligators and crocodiles make up one group of 
reptiles, They are large four-legged reptiles. They 
look alike, but their color and the shape of their 
snout help to tell them apart. Crocodiles are 
green and gray, while alligators aro gray and 
black. Crocodiles have a moro slender and pointed 
snout than do alligators. The two drawings show 
how the crocodile and the alligator are different. 
Can you tell them apart? 

Snakes make up the largest group of reptiles 
They do not have legs, and their bodies are cov- 
erod with thin scales. Snakes can be large or they 
can be small. The anaconda. from South America, 
can be more than 9 m long, The thread snake is 
only about 12 cm long. 


Snake eating mouse and sncke's curved teeth 


Shakes have an interesting way of eating. They 
Swallow their food whole. The picture shows a 
snake with a whole mouse in its mouth. Most of 
the things snakes eat are larger than their mouth, 
When a snake eats an animal larger than its 
mouth, the snake's lower jaw separates from the 
upper jaw. This allows the snake's mouth to open 
very wide. Also, the snake's teeth are curved 
backward. This makes it hard for an animal to 
escape from the snake's jaws, 

Another group of reptiles is the lizards. There 
are many different kinds of lizards, Many live in 
deserts and other hot, dry areas. Lizards have 
laws on their toes, as shown in the picture. The 
body of a lizard is covered with scales, 


utere and clawed toot 


Bocturles 


‘The chameleon (kə me'le on) is one of the most 
interesting lizards. Chameleons live in trees and 
catch insects for food. They can change color. 
‘These lizards can change from brown to green to 
gray. The chameleon in tho picture is changing 
color. (These changes help these animals to blend 
in with their surroundings! How can this be 
helpful? 

Turtles make up the last group of reptiles. The 
body of a turtle is protected by a shell. When in 
danger, a turtle pulls its legs and head into its 
shell. How does this help it to survive? The turtles 
in the picture are box turtles. They can close 
their shells very tightly. Some turtles live on land. 
Others spend most of their time in water. 


BIRDS 
What are the main characteristics of birds? 

Birds are warm-blooded animals that are cov- 
ered with feathers. A warm-blooded animal is an. 
animal whose body temperature stays the same 
even when the temperature of the air or water 
around it changes, Birds are vertebrates with 
Jungs. Like reptiles, birds lay eggs, Their eggs are 
ina hard shell. Wings and feathers make birds dif. 
ferent from other vertebrates. Most birds use 
their wings to fly. Some birds, such as penguins, 
have feathers and wings but cannot fly. Birds can 
be found living on land, in trees, and on water, 
What birds can be found on water? 


Penguins 


Down feathers 


‘The bones and feathers of birds are made in a 
special way to help birds fly. The bones are hol- 
low and light. The feathers have a hollow central 
shaft. This shaft makes feathers strong but light. 
Some large birds may have as many as 25,000 
feathers. All birds lose and replace their feathers 
during a year. This regular loss of feathers is 
called molting. 

‘The major uso of feathers is to help birds to fly. 
Feathers are also needed to keep birds warm. 
Some birds fluff their feathers when they are 
cold. This fluffing forms more air spaces between 
‘the feathers and helps to keep the birds warm. 
Ducks and geese have small fluffy feathers called 
down near their skin, Down traps air and helps to 
koop the birds warm. Perhaps you havo a jacket 
or blanke: filled with down. These small feathers 
help to keep your body warm. 


Oyster catener 

Because birds are very active animals, thoy 
neod a great deal of energy. So they eat a lot of 
food. Some birds spond most of their life hunting 
for food. The diet of birds is varied, Some birds 
eat nuts, while others eat seeds. Birds such as the 
oné shown above eat oysters, Birds living near tho 
water sometimes eat fish that they spear with 
their beaks. Still others, such as ducks and the fla- 
mingo below, eat tiny water plants and animals 


Snowy egret and young 


Nest of plover 


Birds show a great variety in nests and nest 
building. The nests of some birds are built by the 
male bird. Others aro built by the female bird. 
Still others are built by both male and female. 
Nosis are of all shapes and sizes. Some nests, 
such as those of the woaverbirds, are extremely 
large. As many as 600 birds may work together to. 
build huge nests, Nests can be made of twigs, 
leaves, or feathers. They can also be made of mud 
or other substances that birds find. Nests can 
‘hang from tree branches or rest on the ground. 
Some nests are even built under piles of rotting 
leaves. 

Some birds can be harmful to people. For ex- 
ample, pigeons can carry diseases that harm 
people's lungs. Pigeons are also pests because 
‘they damage buildings, 


What is the structure of a bird's feather 
and a bird's bone? 


Materias — bid feather / scisors / hand lens y 
chicken bone / pliers / beef bone. 


Procedure 
A look at the drawing of the bird feather on this 
poge. Point out the central shaft ond the wide 
Branches. Each side branch is called a bare 


B. Lock at a bird feather. Find the central chart 
‘Use scissors fo cut through the central shart, 
1. is he central shaft hollow or solic? 


Sad the Barbs on the feather. Gently pul some 
0: the baros apart Then put them together by oul, 
ing them through your fingers, 
2. Why do You think the baros con be locked to- 
gether? 


D. hook at the feather with a hand iens. Draw the 
feather as you ses il through a hand lone, 


E Look at a chicken bone, Break it In hall with 
Pliers 
3. Describe what you soo inside the chicken 
bone 


F. Compare the chicken bone with the beef bone. 
4 What ote the differences between iho 
Chicken bone and the beet bone? 


Conclusion 
1 Describe a few important features of a feather 
Gnd a chicken bone, What features of a BI Y 
feathers and bones help itto fiy? 

2. Why sa beef bone not suitable tor ight? 
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MAMMALS 


What are the main characteristics of mammals? 


‘The most complex group of vertebrates is the 
mammals. A mammal is a warm-blooded verte- 
brate that is usually covered with fur or hair. 
Mammals are different from other vertebrates in 
‘two main ways. First, the body of a mammal is all 
or partly covered with fur or hair. A very hairy 
mammal is the gorilla. A mammal with just a 
small amount of hair is the elephant. 

A second way mammals differ from othor vorto- 
brates is that all mammals produce milk for their 
young. The picture shows springer spaniel pup- 
pies getting milk from their mother, 


spaniel and pups 

Mammals differ from each other in many ways. 
Most mammals live on land. A few mammals, 
such as whales and dolphins, live in water. There 
are great differences in the size of mammals. The 
blue whale is the Ifrgest mammal. It can grow to 
be as long as 32 m and have a mass of over 


and has a mass of loss 
mals are insect eaters, ¢ 


Do you know? 


Suppose you find an animal 

That looks Ike this: It has a duck’s 
bill and webbed fest: |i hos a 
falllike a beaver and fur on fis 
body, it feeds its young milk, 
Strangely. it so lays egas, How 
would you classify this animal? i 
itabird? Isit arepilopkite 
Mammal? This strange animal is 

y 9negg-aying mammal, Iris 

" called a duckbilled pie vous 
(plat o pss) The platypus iivesin 
and around Australie 


Elephant anc baby. 
7 


‘The young of most mammals develop inside the 
mother's body. Some mammals produce a large 
number of young at one time. For example, mice 
may give birth to as many as eight to ten young. 
Large mammals, such as elephants, usually have 
only one baby. The time needed for tho young to 
grow inside the mother's body is not always the 
same. It varies from one kind of mammal to an- 
other. Large mammals take longer to grow than 
small mammals, A small mammal such as a ham- 
ster grows in 16 days. A large mammal such as a 
giraffe takes about 442 days. Dogs take about 63 
days to grow in the mother's body. Whales grow. 
in about 450 days 


Warm pouch and continue to grow there, The 
Kangaroo and the opossum are mammals whose 
Young develop in a pouch. The picture shows tiny 


b^ Opossums feeding 

Some mammals are importan: to people. Those. 
are the mammals that are used for food and other 
Products. Cattle, pigs, and sheep are raised for 
meat. Foods such as Cheese, cream, and butter 
come from the milk Produced by cows, Belts, 
Shoes, footballs, and leather coats are products 
made from mammal skins, 

Some mammals can be harmful to people. Rats 
are harmful mammals. Rats Spread disease to hu- 
Mans. Often rats will oat Stored food, such as. 
fruits and grains, Millions of dollars are lost each 
year because of damage from rats, 


Whar are the characteristics of the five groups 
of vertebrates? 


Materials small index cards / wire coat hanger 
/ yam / drawing paper / scissors / transparent 
tape / fell-ip pens or crayons / old magazines 


Procedure. 
A. You cte going to make a mobile showing how 
the vortobrates ore grouped, Write the names of 
the five main groups of vertebrates on index cards, 
Using the yam, attach the cards to the coat 
hangeras shown. 

1. What are the five main groups of vertebrates? 


B. Cul five strips of drawing paper. On these stips 
list the main characteristics of oach group of verto- 
brates. 


C. Using the yam, attach the lists to tne right cards. 
2. Did you find any characteristics that ap- | 
peared in more than one grouo? | 

3. What are these characteristics? In which | 
groups did these characteristics appear? | 


D. Below the list of characteristics. hang pictures of. 
animals from each group, You may either crow the 
rims or cul pictures of animals out of mega- — | 
zines. Attach the pictures with yarn cs shown. | 


Conclusion. 
What do all five groups of vertebrates have in com- 
mon? 


| 
Using science ideas 4 
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7 IDEAS TO REMEMBER 


> Vertebrates are animals with a backbone. 

» There are five major*groups of vertebrates. 
These are fish, amphibians, reptiles, birds, 
and mammals. 

PA Gish is a cold-blooded vertebrate with 
fins. It uses gills to breathe under water. 
Most fish have scales 

> An amphibian is a cold-blooded vertebrate 
that lives part of its life in water and part 
on land. 

P A reptile is a cold-blooded vertebrate that 
has lungs and dry skin. Most reptiles have 
scales and live on land. 

P A bird is a warm-blooded vertebrate that 
has feathers and wings. 

» A mammal is a warm-blooded vertebrate 

| that is usually covered with fur or hair, It 
feeds its young milk. 


Chapter 4 


Living Communities 


The picture shows a place in a desert in Ari- 
zona. A desert is a hot, dry place. It does not seem 
like a place where plants and animals could live, 
Yet snakes, lizards, insects, birds, rats, and rab. 
bits make thelr homes in the desert. What plants 
do you see growing in the desert? 

In many ways the desert is like other parts of 
the earth, There are living and nonliving things in 
all parts of the earth, The living things affect each 
other and are also affected hy the nonliving 
things around them, And tho living things affect 
the nonliving things. In this chapter you will learn 
about the ways in which living and nonliving 
things affect each other. You will also learn about 
cifferont ways in which the living and nonliving + 
Parts of our world can change. 
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— THE LIVING AND NONLIVING — 
WORLD 


What is an ecosystem? 


All living things are surrounded by other living 
things. They are also surrounded by nonliving 
things. These living and nonliving things affect 
each other. Everything that surrounds and affects 
a living thing is called its environment (on vi'ron- 
mont). What are some living things in your home 
environment? What are some nonliving things? 
In what ways do these living and nonliving things 
affect each other? The study of how living and 
nonliving things affect oach other is called 
ecology (6 kol'a je). Scientists who study this sub- 
Jeet are called ecologists. 

Look at the picture of the fish tank. What living 


and nonliving things do you see? The living and 
nonliving things in the tank affect, or interact 
with, each other. Both the fish and the plants 
need water to survive. The plants give off oxy- 
gen, which goes into the water. The fish, which 


heed oxygen to live, take the oxygen from the 
querer. As they breathe, ¿he fish give off carbon 
dioxide. The plants use the carbon dioxide to 
make food. Without the fish, the plants would die 
And without the plants, the fish would die. 

The fish tank is an example of an ecosystem 
(6’ko sis tam). An ecosystem is a group of living 
things and thoir nonliving environment. yAn 
qn estem includes all the ways the living things 
in a group interact with each other! It also i. 
Cludes the way living things interact with thei 
nonliving environment, 

An ocosystem can be as small as a single fish 
anda single plant in a fishbowl. Or an ecosystem 
gan be as large as a forest, a desert, or an ocean, 
Look at the picture of the city park. The park is 
an gcosystem that may contain several smaller 
fcosystems. For example, under a rock you may 
find a small ecosystem that has many kinds of Ie 
ing things. A single tree Park may be an- 

be the home of 
green plants as 
on the tree. 


Ecosystem under a rock 
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7 LIVING THINGS IN ECOSYSTEMS - * 


What are communities and populations? 


You have learned that an ecosystem is made up 
of living and nonliving things. The living things in 
an ecosystem are known as a community (ke- 
myü'na 16). A community is all the plants and ani. 

mals that live and interact with each other in a 
place, 

Communities are often named for the kind of 
place in which they live. There are forest, marsh, 
and pond communities. What are some other 
kinds of communities? 

Communities are made up of populations (pop- 
ye lé’shenz), A population is a group of the same 
kind of living thing in a community. For example, 
all the pine trees in this forest make up ono popu- 
lation. It is a population of pine trees. Which pic- 
ture shows a population of grass plants? What 
other populations are shown? 


Members of tho geese population can easily be 

Seen in the picture of the marsh, What other ani. 

mal populations live in a”, 

many different 

The different p community inter- 
feed on the marsh 


Materials motorslick or metric topa / 4 sticks / 
45 m of string / hand lens / 2 jars with lids / small 
shove) / white paper 


Procedure 
A. Choose a place outdocis to study. Measure a 
Square area of ground 1 m on each side. Push four 
sticks into the around to mark the four comers of 
Your square. Tie string around the sticks to enclose 
the areo. 


B. Study the area closely for soveral minutes. Look 
for moving insects or other animals. Make a list of 
all the kinds of animals and plants that you sec. 
Use a hand lens to help you see small plants ond 
animals 

1. How many kinds of animals do you see? 

2. How many kinds of planis do you see? 


©. Collect a sample of each kind of plant cnc ani- 
mal you find, Put these samples in a jar. 


D. Use a small shove! to collect a sample of tne 
soil. Fut this sample in another jar. 


E, Pour the soil sample onto a sheet of white pa- 
por. Examine the sample with a hand lens. Look for 
IMng things, Look at the samples in the other jer. 

3. What living things can you identify? 


Conelusion 
4. What populations did you find in the ecosystem 
you studied? 

2 In what ways might these populations affect 
ecchother” 


Using science Ideas 
Suppose you studied this same crea at another 
time of the year. How might this affect the number 
and kinds of populations you could see? Explain. 


Every living thing in a community has a special 
place in which it is usually found, The special 
Place in a community in which a plant or animal 
lives is called its habitat (habfo tat). You can think 
of an ecosystem as the neighborhood that a living 
thing is part of. The habitat can be thought of as 
its address in that neighborhood, 


+ ‚Within a community there are many habitats, 
Ina forest tho soil is the habitat of ants and earth. 
Worms. A rotten tree stump is the habitat of ter- 
mites. Squirrels live in the trees. Mosses grow on 
the forest floor, in the shade of trees. Ants and 
earthworms, termites, squirrels, and mosses each 
have their own habitat, But these living things are 
all part of the same community, 

The populations and habitats in a desert are dif. 
ferent from those in a forest. Look at the picture. 
The cactus plant is the habitat of the elf owl, The 
habitats of many other desert animals are bur. 
‘ows under tho ground. 


+ Ef owl in nestin saguaro cactus 
» 7 


The habitat of a plant or animal supplies it with ® 
many of the things that it needs to survive. Some 
living things are able to live in more than one 
habitat. Others can live in only one habitat. For 
example, flies can live in many habitats. They 
move to different places to get food. Mice can 
also live in more than one habitat. They are found 
in city buildings as well as in country fields. 

Some animals are very limited in their habitat. 
‘Trout can only live in cool streams. The koala (kó- 
&'ls) of Australia cats only one kind of plant. Tt 
eats the leaves of the eucalyptus (yü ko lip'tos) 
tree. So the koala can only live where this kind of 
tree grows. Food also limits the habitat of the 
panda. It only eats bamboo. How many different 
habitats could you live in? 


Meuse In country feta 


Koala eating eucolyplus lect 


NE 


Panda populations cre in 
| Songer Tiere may be oniy 1,000 
_ Pandas left In the wild, The rece. 
| SOMOr this hho cmount offeed | 
| Gvellabio. Pandas tive in foreste 
i» China where bamboo grows, 


main food of 


ores to find 
bamboo, But huge 
beon built in some 


Panda esting bamboo 


Female cardinal 


Some squirrels and birds share the same 
habitat. Yet those animals each have a different 
niche. Squirrels gather nuts and stay close to 
their habitat, Some birds are insect eaters. They 
travel great distances from their habitat to get 
food. Both animals share the same habitat, But 
they do not have a great effect on each other. 

Sometimes the niche of one population does af- 
fect other populations. A crook is the habitat of a 
population of beavers. The beavers build dams 
across the creek. The dams they build create 
ponds, The ponds become the habitat cf fish and 
plants. The beavers also cut down many trees. 
How does this affect the tree population? 


Beaver cuing down ree and building com 
Lj 


— CHANGES IN POPULATIONS — 


What factors affect the size of a population? 


Ecologists study communities of living things. 
They try to find out what living things are pres- 
‘ent. They also want to know the size of each pop: 
ulation. They try to learn whether the popu- 
lations are changing in sizə. Ecologists want to 
know if populations are getting larger, getting 
smaller, or staying the same. 


Ecclesi studying a bird population 
When an animal population changes in size, it 
often means there is a change in the birth rate or 
the death rate. The birth rate is the number of an- 
{mals that are born in a period of time. What is 
the death rate? Many factors can cause a change 
in the birth rate or the death rate. 


Buck and does, members ot a white-tailed deer population 


Why might the birth rate of a population go up? 
Suppose a deor population has a large supply of 
food and water, Deer eat plants. if the deer are 
‘healthy, many will live long enough to produce 
Young deer, So the birth rate will go up. 

As the birth rato goes up, the deer population 
will get larger. After a while, the kinds of plants 
that deer eat will be scarce. Some deer may move 
away in search of food. What will this do to the 
size of the deer population? The deer that stay 
will still have little food. Some door will got sick 
and die. Other door may become very weak. Thoy 
may be unable to run from other animals that 
hunt them for food. 


The size of a population may also change be- 
cause of a sudden change in the amount of food 
that can be found. Suppose a fire or a disease do. 
stroys the deer's faod source. Then the death rate 
of the deer population would go up. As the death 
Tate goes up, population size goes down, 


lynx and snowshoe rabbit 
The size of a population may also be affected by 


the presence of a predator (pred'a ter). A pred- 
ator is an animal that hunts other animals for 
food. The animal that is hunted is tho prey (pra). 
‘The picture shows a predator with its prey. The 
predator is a lynx (lingks). A lynx is a small catlike 
* animal. The prey is a snowshoe rabbit. Both ani- 
mals live in the United States and Canada. 
Suppose the number of snowshoe rabbits goos 
up. Then the number of lynx goes up, too. This is 
because the lynx now have a larger food supply. 
But an increase in the lynx population means 
more rabbits will be eaten. After a while, there 
will be very few rabbits left. With less food, many 
of the lynx will starve to death. This decreases 
the number of lynx. What will then happen to the 
size of the rabbit population? 


Materials metric ruler / buttons 


Procedure 
A. Draw a grid such as the one shown. Each box 
should be 2 cm on a side, There should be sk 
squores across ond sx squares down. The grid rep- 
rosents a forest 


B. Suppose each box represents the amount of 
space, food, and water needed by ane deor. Use 
buttons fo represent deer. Begin with two deer. Put 
och deer into a different box on the grid. | 


©. imagine that a year has passed. The dest pop- 
ulation has doubled in size. Acid the correct num- | 
ber of bullons to the gra. 

4. How many door aro there now? 


D. Another year posses and the deer population 

has doubled again, Add the corect number of 

‘buttons fo the grid. |] 
2. Howmany deer are there now? 


E. The next year three deer die of disease, Remove 
three buttons. Then the remaining deer population 
doubles once again. Add the correct number cf 
buttons to the grid 

3. How many deer are there now? 

4, Suppose that from now on, the deer popu- 
lation doubles each year and no more deer 
die, In how many more years will there be too 

many deer for the amount of space, food, 
‘and water in the forest? 


Conclusion 
4, What is the greatest number of deer that could 
live in the forest? 

2. What are some reasons for a decieose in the 
size of c population? 


— CHANGES IN COMMUNITIES — 


What is succession and what causes it? 


You learned that a sudden major change, such 
as a fire, can affect the size of populations Sud- 
den changes can also affect whole communities, 

On May 18, 1980, a volcano in Washington 
erupted. The volcano, Mount St. Helens, ex- 
Ploded with great force. The force was equal to 
almost 10 million metric tons of dynamite. One 
Picture shows how the area looked before the 
blast. The other shows the same area 4 months 


Mouni st: Helens 4 months aftar he eruption 


Coleraco forest dostroyos by re 
96 


after the blast. Millions of trees were blown 
down. Many plants were burned or covered with. 
layers of ash as much as 180 m deep. Scientists 
believe that thousands of bear, deer, and other 
animals lost their lives. Few living things in the 
area survived 

A fire destroyed many square kilometers of the 
forest below. Trees, shrubs, grasses, and other 
plants were burned in the fire. Many animals 
were also killed. Among these were snakes, liz- 
ards, rabbits, and baby birds. Some animals were 
able to escape the fire, and so they lived. But 
many of the animals that lived lost their food sup- 
ply and their habitat. 


Peoplo also causo changes in communities. The 
Picture shows a major change in a redwood for. 
est. People aro cutting down the trees to use the 
Wood. What changes might result from clearing 
the trees in this forest? In what ways are these 
changes like the changes from a forest fire? What 
are some living things that will lose their habitat? 


What changes have occu 

temiewsome adults who 

hood fora long time. Fin 

many 

out 

People orwas c naturai 
Ask cbour the kinds 

in the neighborhood. 


What happens aftor a sudden major change de- * 
stroys an ecosystem? The same community does 
noi come back right away. It may take 100 or 
more years for it to return. During this time there 
are many changes in the kinds of living things in 
an ecosystem. The series of changes in the com- 
munities of an ecosystem is called succession 
(sak sesh’en). 

These drawings show succession in a forest 
after a fire. 

1. Before the fire a forest of beech and maple 
trees is the habitat of many living things. 

A fire burns the trees and other plants. 

3. Several years after the fire the area has be- 
come a field. There. are grasses and other 
low plants. Insects, birds, groundhogs, and 
other animals live in the field. 

4. Ina fow yoars shrubs and young trees grow. 

5. The beech and maple trees reappear after 
100 years. What animals live in the forest? 


m 


Ecologists have found that there are different 
stages in the succession of any ecosystem. The 

x first stage of succession is called the pioneer (pI ə- 
nir stago. What is the number of the drawing 
that shows the pioneer stage in the succession of 
the forest? This picture shows tho beginning of 
the pioneer stage after the Mount St. Helens 
blast. New plants are growing out of the ash. 

The last stage in tho process of succession is 
called the climax (klimaks) stage. Which draw- 
ing shows the climax stage? The climax stage in a 
community is usually stable. This means that: it 
rarely changes. What might cause it to change? 


Many times succession does not result from a 
sudden change. Succession is more often a natu- 
ral process in an ecosystem. These drawings 
show succession in a pond community. 

1. Many kinds of plants and animals live in and 
around the pond. Each year some animals 
and many plants die and sink to the botto: 

2. After many years the remains of once-living 
things form soil and the pond fills in. 

3. As the pond fills in, a marsh develops. The 
marsh plants grow and die. 

4. In time the marsh dries up and a field devel- 
ops. Grasses and shrubs grow in the field. A 
few years later trees appear. 

5. Finally a forest community develops. What 
is this last stage of succession called? 


IDEAS TO REMEMBER 


> Tho environment is everything that sur- 
rounds and affects a living thing. 

» An ecosystem is a group of living things, 
their nonliving environment, and the inter- 
actions between them. 

> A community is all the plants and animals 
that live and interact with each other in a 
place. 

> A population is a group of tho same kind of 
living thing in a community. 

» A habitat is the special place in a commu- 
nity in which a plant or animal lives, 

> The role that each living thing plays in its 
habitat is called its niche. 

» Many factors affect the size of populations 

> Succession is the series of changes in the 
communities of an ecosystem. 
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Reviewing the Chapter : 


B SCIENCE WORDS 


A- Copy the sentences below. Use science terms from the 
E Chapter to complete each sentence. 


1. A group of living things and their environment isa/an 


2. The series of changes in the communities of an ecosys- 
tem iş caled ——. 

3. All the plants and animals that live and interact with 

E each other in a place is called a/an 

J 4. The special place in a community in which a plant or 
animal lives is called iis — 

5. The study of how living and nonliving things affect 

$ each other is called 

6. Everything that surrounds and affects a living thing is 
called its | 

7. The last stago of succession is called the __ stage. 

8. A group of the same kind of living thing in a commu- 


2 | nity iscalleda/an 
ji 9. Tho role that each living thing plays in a habitat is 
an called its 
i 10. The first stago of succession is called the — stage, 
| i B. Identify each of the following. 
f 1. Tt is an animal that hunts other animals for food. What 
4 ; ish? 
f 2. It is an animal. it is hunted by other animals for food. 


B. What is it? 


. A cause makes things ljappen. An effectis what happens. 
For each pair of sentences, write which is. the cause and 
which is the effect. 


1. a. A population of predators increases in size. 
b. A population of prey increases in size 
a. A marsh develops. 2 

b. Many plants. and animals > dio and ink the bottom 

‘shallow pond, — 
a. A population of predators increases in size, 

b. A population of prey decreases in size. 
4. a. Many members of a deer population starve to death. 
b. A fire burns all the plants in a forest. 


Write the number of the drawings to show the right order. 
Then describe what is happening at each stage. 


USING IDEAS 


1. Collect old magazines and cut out pictures that show differ- 
ent communities. List as many plant and animal popu- 
Jations as you cen see in each. 


[Reviewing the Chapter . 


SCIENCE WORDS. 


A. Copy the sentences below. Uso science terms from the 
chapter to complete each sentence. 


| 1. A group of living things and their environment is a/an 


2. The series of changes in the communities of an ecosys- 
tom iscalled_. 
8. All the plants and animals that live and interact with 
each other in a place is called a/an, 
+ The special place in a community in which a plant or 


j animal lives is called its — . 
5. The study of how living and nonliving things affect 
each othor is called — 
6. Everything that surrounds and affects a living thing is 
Jj called its 


7. The last stage of succession is called the stage. 
8. A group of tho same kind of living thing in a commu- 
nity is calleda/an——. 
9. The role that each living thing plays in a habitat is 
called is 
10. The first stage of succession is called the stage. 


B. Identify each of the following. 


1 | k 1. Tt is an animal that hunts other animals for food. What 
isit? 

i 2. It is an animal. It is hunted by other animals for food, 
1 What is it? 


tience in Careers 


‘Many people who have pots know 
that working with animals can be 
both rewarding and fun. Some 
people who like animals choose ca- 
reers in which they take care of ani- 
mais. 

A veterinarian (vet ar a nar'e ən) 
is an animal doctor. Vererinarians 
treat animals that are ill or injured. 
‘They also give checkups to animals. 


Voiornarian ; 

Animal keepers take care of ani- 
mals in places such as zoos and cir- 
cuses. Animal keepers see that the 
animals are properly fed and shel- 
tered. They also check that the ani- 
mal cages are kept clean and in 
good repair. 

If you have an interest in plants, 
You may want t prepare for a ca- 
reer as a botanist (bota nisi). Bot- 


anists are scientists who study 
plants. Many botanists are teachers 
or researchers. 


Flowers are used to add beauty in- 
doors and outdoors. They can help 
people express feelings. A floral de- 
signer is someone who arranges 
flowers into designs for orher 
people. Classes in flower arranging 
are offered in many adult education 
programs. Some people who be- 
come floral designers are trained on 
the job. 


bhie Hyman (1888-1969) : 
ew people have done more for 


iclogist (26 ol'o jist) Libbie Hyman. 
tween 1940 and 1967, Hymari 
blished six books about the biol 

of invertebrates. These books 
ined her the respect of the scien- — 
ic world. Her hooks gave detailed 


| things. Before her books were writ- 

|. ten, scientists made guesses about 

e body structure of many in- 
vertebrates. 


| zooloaitistusyinge blue ciob 


UNIT TWO 


Discovering 
Matter 


and Energy 


Study the pictures. Which pictures show mat- 
ter? Which show energy? Anything you can 
name can be classified as either matter or energy. 
The diamonds, the sign, and the windmill are all 
matter. The broken window is also matter. Tt is 
matter that has changed. But where is tho 
energy? The light from the glowing sign is one 
form of energy, It is the only form of energy you 
can see. Tho light comes from another form of 
energy—electricity. The windmill blades are turn- 
ing because of the energy of moving air. 

In this unit you will study what matter is made 
of and some ways that matter can change. You 
will also loarn about energy in the form of elec- 
tricity. And you will find out about the many 
sources of energy people uso. 
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Chapter 5 


Building Blocks 
of Matter 


Have you ever wondered what things are made 
of? Look at all the many things in the picture. 
What is an orange made of? An apple? A strand. 
of hair? A piece of glass? A brick? Air? 

For thousands of years people have asked such 
questions. The answers have taken a long timo to 
find. Scientists working all over the world at dif- 
ferent times have found some of the answers 

In this chapter you will learn how scientists 
study the world around them. You will find out. 
about the smallest particles that things are made 
of. You will learn about some common materials 
that are formed of these particles, You will also 
read about the special names scientists uso to talk 
about these materials, 


“o 


Collecting water samples 


— —— STUDYING MATTER 


How do scientists study the world around them? 


Scientists study the world around them. They 
have found that all things are alike in some ways. 
All things are made up of matter. Matter is any- 
thing that has mass and takes up space. Mass is a 
measure of the amount of matter in an object. An 
elephant has more mass than a mouse. An ice- 
berg has more mass than an ice cube. Scientists 
are curious about what makes up matter. 

How do scientists study matter? They use their 
senses, The senses of sight, smell, hearing, taste, 
and touch help scientists learn about matter. 
Sometimes scientists use special devices to study 
matter. They use devices to see very small things 


Using a microscope 


Using lelescone 


or things that are very far away. They use micro- 
scápes to see very small objects. They use tele- 
‘scopes to study the stars. All the scientists in the 
pictures are gathering information about mattor: 

Scientists have learned that all matter is mado 
of small particles. They have never seen these 
particles with the unaided eye. From the results 
of tests, scientists believe that the particles exist. 

Scientists make guesses about many things 
they cannot test directly. They make guesses 
about what the inside of the earth is like. They 
make guesses about what the stars are made of. 
So far, scientists have not been able to drill into 
the center of the earth. They have not yet trav- 
eled to a star. But they have made guesses about 
the matter in these places. 


Collecting indirect evidence 
ma 


‘The guesses that scientists make are based on 
many careful studies. These studies give scien- 
tists clues about things that they cannot see or 
test directly. Indirect evidenco (in de rekt 
cv'o dans) is a set of clues that scientists uso to 
make guesses about things they cannot see or 
test directly. 

The picture shows two closed boxes. An um- 
brella is inside one box. A fish bowl is inside the 
other box. Guess which box holds the umbrella. 
You probably guossed box A. What clues did you 
base your guess on? These clues are indirect evi 
dence of what is inside each box. 


‘The girl in the picture cannot seo what is in the 
box. By shaking the box, she is trying to find out 
what is inside, By holding the box in her hands, 
she is learning about its mass. 

As you have read, scientists use indirect evi- 
dence to find out about the world around them. 
‘They gather facts, or data, about things they can- 
not observe directly. Scientists uso indirect evi- 
dence to learn about distant objects. They also 
use indirect evidence to study very small objects. 


What can you leam from indirect evidence? 


Materials sealed box with unknown object / met- 
rie ruler / balance and masses / magnet 


Procedure 
A. Lift ond shake the box. Use the balance lo 
mecsute the Objects mass. Move the magnet 
along the outside of the box. Measure the box 
1. What happens when you lift and shake the. 
box? 


8. Gather all the Information you can. Make a 
hart like the one below. List each thing you did 
‘nd what you learned. 


€. Study your chart. 
2. From your information, what do you guess is in 
the box? 


D. Open the box and look inside. Compare your 
¡guess with what actually is In the box 
3. In what ways wos your guess corect? 
4. In what ways was it wrong? 


Conclusion 
You have just collected indirect evidence, What 
con you learn from indirest evidence? 


Using science Ideas 
List some other ways you can leam about the con- 
tents of a sealed box 


Mode! aisian 
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THE ATOM 


What is matter made of? 


Scientists have problems studying matter they 
cannot see. They use indirect evidence to make 
guesses about what mattor is made of. They have 
found that all matter is made up of small par- 
ticles. Fach particle is called an atom (at'am). An 
atom is the basic unit of all matter. Atoms are 
very small. Suppose a million of the smallest 
atoms were stacked on top of one another. The 
stack would not be as thick as this page. 

Scientists must use indirect evidence to learn 
about otoms. Can you explain why? Thoy use 
their indirect ovidence to make modols of atoms. 


A model is a way to describe how something looks 
or acts. A model can be made of wood or clay. Or 
a model can be a picture. A model can even be 
words that describe an idea. 

Have you ever made a model of a ship, a plane, 
a house, or a car? The picture shows a model of 
an airplane. This model is much smaller than the 
real thing. But models of atoms are much larger 
than real atoms. 


For many years scientists have been making 
models of the atom. What do the models show? 
Scientists think the atom has a central part called 
a nucleus (nt/klé as), The nucleus of an atom con- 
tains two kinds of particles, protons (pró'tonz) 
and neutrons (nu’tronz), Protons and neutrons 
are tightly packed together in the nucleus. Tiny 
particles called electrons (i lek'tronz) travel 
around the nucleus. The drawing shows a model 
ofa hydrogen atom. 


MODEL OF A HYDROGEN ATOM 


An atom is almost all empty space. Suppose 
you were to make a model of a hydrogen atom. 
+ The nucleus of the atom would be the size of an 
orange. The electrons would be in the space out- 
side the orange. Then your model of the atom 
would be very large. It would be about 22 football 
fields across! 

The electrons in your model would he very 
small. They would each be smaller than the head 
of a pin. The electrons would be moving quickly 
all around the orange. This shows that in a real 
atom there is mostly empty space between the 
nucleus and the electrons. 


ELEMENTS 


What ls an easy way to write the names of 
elements? 


Some kinds of matter cannot be broken down 
into simpler kinds of matter. Suppose a silver bar 
is broken down into the smallest particle that is 
still silver. The smallest particle of the silver bar 
would be a silver atom. A silver atom cannot be 
broken down into a simpler kind of matter and 
still be silver. 


Siverbor 

Silver is an elemen: (el'o ment). An element is 
matter that is made up of only one kind of atom. 
It is a basic kind of matter. The smallest particle 
of an element is an atom. 

Scientists have discovered 106 different ele- 
ments, The atoms of these elements aro different 
from one another. One way in which they differ is 
in the number of protons. Different atoms have 
different numbers of protons. For example, an 
atom of silver has 47 protons. An atom of gold has 
79 protons. Of the 106 elements, 92 of these oc- 


cur naturally on the earth. The other 14 elements 
have been made by scientists using special ma. 

chines. Tho picture shows phjects made mainly of 
only one element. Can you name the elements 
that make up the objects in the picture? 

Each of the elements has its own symbol. A 
‚symbol is a short way to write the name of an ole- 
ment. The symbol stands for the name of the ele- 
ment. Why do scientists use symbols? They find it 
easier and quicker to write the symbol than to 
write the whole name of the element. Scientists 
allover the world use the same symbols, 


Moge mainly of ons element 


Finding 
out 


How can you group the elements? One way scientists 
group the elements is to put all metals In one group 
and allnonmetals into a second graup, Most metals 
are good conductors of electricity and are shiny, Most 
Nonmetals are poor conductors of electricity and are 
Rot shiny. Meny nonmetals are gases, Which af fne o- 
Jectsshown here is made mainly of o metal? Wnichis 
made mainly of ancnmetal? Which of tho elements in 
the following list are metals? Which are nonmetals? 
aluminum caron helium lead nickel oxygen 


The table on page 121 lists some elements and 
their symbols. It describes how the elements look. 
Look at the list of symbols. You will see that 
‘sometimes the symbol for an olomon: is the first 
leiter of its name. For example, the symbol for 
carbon is C. Sometimes the symbol is two letters. 
For example, the symbol for calcium is.Ca. A two- 
lotter symbol is sometimes used bocause the 
names of some elements begin with the same let- 
ter. So the symbol Ca stands for calcium and the 
symbol Co stands for cobalt. 

Look at the symbol for iron. It is Fe, The word 
for iron in Latin is ferrum (fer'em). So tho symbol 
for iron comes from that word. Find the symbol 
for silver. It is Ag, The word for silver in Latin is 
argentum (er jen'tem). The symbol for silver 
comes from that word. The symbols for some 
other elements also come from their names in 
Latin and ether languages. Find mercury in the 
table. It is an unuswal metal, Is mercury a solid, a 
liquid, or a gas at room temperature? 


Hollumtited balloons 
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Diemona-o format carbon. 


iE COMMON ELEMENTS 
[semen Temor [Description 


Colum | ca [vero 


Corán | c ILE solid or Colorless crate 


Siete cor ja em 
CER: a 


Au [her yelowimetal. 


light oo: with no colon taste; or oder 


Cas with nococr, Taste, orcccr 


| Graywnito merai. 


Heawsivercoiored meral: faut at reem tem 


-4 Sesuiltihe calor, teste, or caer 


Jouw nocolor, taste, or odor 


Shiny white meta) 


Soffsivety mejor 


Owden yellow solia 


-MOLECULES AND COMPOUNDS. 


What happens when atoms combine? 


You have learned that tho smallest particle of 
matter is the atom. Atoms do not usually exist 
alone on earth. They combine, sometimes in 
pairs. sometimes in threos. Sometimes hundreds 
of atoms combine. New substances form when 
atoms of different elements combine. Theso new. 
substances are called compounds (kom'poundz). 
The simplest particle of many compounds is a 


molecule (mol'o kyül). Most molecules are made 
of two or more atoms, 


oxygen molecule 


Sometimes two atoms of the same element 
combine to form a molecule. Think about these 
‘examples. Two atoms of the element oxygen join 
to form a molecule of oxygen. In the same way, 
two atoms of the element hydrogen join to form a 
molecule of hydrogen, Look at the drawing above, 
It shows a molecule of oxygen. You can see that 
two oxygen atoms have joined to form this mole- 
cule, Tho oxygen and hydrogen molecules are not 
compounds. Compounds are formed only when 
atoms of different elemonts join 


Can you form a compound? 


Materials 2 test Tubos / steel wool pad / magnet 
/ water / 2 test-tube clamps / ring stand / 600m! 
beaker / wax pencil / hand lens 


Procedure. 
A. Test a steel wool pad with c magnet. 
1. Is the steel wool attracted to the magnet? 


B. Wet the steel wool pad with water, Fl the lower 
2 em of a test tube with a piece of tho steel wool 
pad as shown Use a pencil to push ihe pad into 
the ibe. Use a wex pencil to make c mark 2 cm 
from the open end of each test tube, 


C. Half fil o beaker with water. Set up the two tes! 
tubes with the beaker ona a sing stand. One fest 
tube will be empty, Make sure the wax pencil mark. 
as even with the surface of the water, 

2, Predict what will happen in each test tube. 


D. Observo ine test iubes for 5 days. Note any 
changes that occur inside the test tubes each day. 
3. Howhas the steel wool paci changed? 
4. How has the watorlevel changed? 


E. After 5 days remove the steel woo! pad and look 
Gt li with a hanc lens. Test it with a magnot, 
* 58. Describe how the stool wool pad locks, 
$. ls the steel wool attracted to the magnat? 


Conclusion 
‘Anew compound has been formed. It s called iron. 
Oxido, iron oxide is made from iron and oxygen. 
The oxygen came from the air. 

4. Where did the iron come from? 

2. Why do you think the water level changed? 


Using science ideas 
There are many things around you that are made. 
ofiton, Name some ways that you con prevent iron. 
Objects from changing to iron oxido, 


You have learned that the atoms in a compound 

are from different elements. Table salt, for ex- 
ample, is made of the elemonts sodium and chlo- 
rine. Sugar is another compound. It is made of 
atoms of the elements carbon, hydrogen, and ox- 
Ygen. A compound may be very different from 
the atoms it is made of. Sugar is a white crystal 
that tastes sweet. It is formed of the elements 
carbon, hydrogen, and oxygen. Are these three 
elements very different from sugar? 


Sugar and sugar crystals 


Look at the table of the compounds on page 
125. The table lists four common compounds. It 
shows the elements they are made of and de- 
scribes these elements. Find the description of 
the elements that make up sugar. You will find 
that the elements making up sugar are different 
from the compound sugar. 

Find the elements that make up table salt. Do 
the elements sodium and chlorine look like table 
salt? No, Sodium is a silvery metal. Chlorine is a 
greenish-yellow poisonous gas. Table salt is a 
white crystal usd to season food. Notice that the 
compound salt is different from the elements that 
make it up. 


ompound - 


with nocolor t 


Enlarged sail crystois _ Wolorcroplels Enlargodsuboreystas Ammonia In water 
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Hore is another example. Water is a compound 
formed from elements that are different from wa- 
ter. On the earth water can bo found as a liquid, 
as a solid, and as a gas. We drink it and we bathe | 
init. It makes up about two thirds of our body. | 
Water is made up of the elements hydrogen and 
oxygen. Hydrogen is a gas that has no color, 
taste, or odor, Oxygen is also a gas. It, 100, has no 
color, taste, or odor. It makes up about one fifth 
of the air. The elements that make up water are 
very different from the compound water. 
Remember that scientists use symbols for the 
names of elements. It is easier to write the sym- 
bol for an element than to spell out its name. Sci- 
entists also use these symbols to write the names 
of compounds, Water is written H,O. H,O stands 
for one molecule of water. The symbol for hydro- 
gen (E) is joined with the symbol for oxygen (0). 


H,O is the formula (for’mys le) for water. A for- 
mula is a group of symbols and numbers that 
stands for a compound. The symbols in a formula 


Show the kinds of atoms in a compound. The 
numbers in a formula show the number of atoms 
in the smallest particle of a compound. 

Every compound can be written with a formula. 
The formula for one type of sugar is C;¿Ha¿O y. 
What does this formula show you? It shows you 


| that one molecule of sugar contains atoms of car- 
bon. hydrogen, and oxygen. It also shows you 
there are 12 atoms of carbon, 22 atoms of hydro- 
gen, and 11 atoms of oxygen. You can see that a 
- formula shows a lot about a compound. 


IDEAS TO REMEMBER. 


» Matter is anything that has mass and takes 
up space. 

> Indirect evidence gives clues that scientists 
use to make guesses about things they can- 
not see or test directly, 

» An atom is the basic unit of all matter. An 
atom is the smallest particle of an element. 

> The central part of an atom is the nucleus, 
which contains protons and neutrons, Elec- 

+ trons travel around the nucleus. 

» An element is matter that is made up of 
only one kind of atom, 

> A symbol is a short way to write the name 
of an element, 

» A molecule is the simplest particle of many 
‘compounds 

> A compound is matter formed when two or 
More atoms of different elements are com- 
bined. Scientists use formulas to write the 
names of compounds 


a | 


Chapter 6 


Physical Changes 
in Matter 


Matter changes in different ways. Do you know 
what the objects stacked around the flower 
were? They were cars. The cars were changed to 
solid cubes when they were crushed, or com- 
acted, into this shape. 

In what ways has the matter that makes up the 
cars changed? What has happened to the metal 
body and glass windows of the cars? The metal 
and glass have changed shape, They have also 
changed in size, These are two ways in which 
matter can change. 

In this chapter you will learn about some of ghe. 
ways in which matter can change. You will also 
learn how matter can be identified 
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7—— PHYSICAL PROPERTIES —— 


What are physical properties of matter? 


The children in the picture are playing a game 
The girl is blindfolded and then asked to smell two 
different kinds of food, She must identify which is 
a pioco of onion and which is a piece of orango. 
‘Thegitlis usingodorasa way ofidentifyingmatter. 


These pictures show two elements-gold and 
carbon. How can you tell the piece of gold from 
the piece of carbon? One way to tell is by observ- 
ing how each ono looks. The color of gold is differ- 
ont from the color of carbon. Based on color, 
which piece is gold and which is carbon? 

Odor and color are physical properties of mat- 
ter. A physical pfoperty is one that can be used 
to identify matter. Two other physical properties 
are shape and hardness, 


Density is also a physica! property of matter. It 
is the mass in a certain volume of matter. For ex- 
ample, the piece of wood has a certain volume. Its 
mass is 8 g, The piece of iron has the same vo]. 
ume as the wood. The mass of the iron is 138 g, 
So the density of the iron is greater than the den. 
sity of the wood. How many times greater? 


You can use the property of density to help you 
identify matter. In the pictures below, tho glasses 
labeled A and B each contain a colorless liquid, 
One liquid is water and the other is alcohol. Water 
has a greater density than alcohol, Look at the 
picture on the tight. An ice cube has been put 
into each liquid. The ice floats in tho denser liquid 
and sinks in the less donse liquid. Which glass 
Contains alcohol, Aor B? How do you know? 


—— PHYSICAL CHANGES —— 


What kinds of physical changes can occur in 
matter? 


Mattor can change in different ways. The pic- 
tures show a glass cup before and after it was 
dropped. Breaking the glass cup changes its size 
and shape. This kind of change is a physical 
chango. A physical change is a change in the 
size, shape, or state of matter. New materials are 
not formed when there is a physical change. Tho 
same kind of matter is present both before and af- 
ter a physical change. Tho pieces of the cup are 
no longer in the shape of a cup. But you can see 
that the pieces are still glass. 

Changes in size and shape are common physical 
changes. When you write with chalk, tiny bits of 
chalk are rubbed from the stick of chalk onto the 
chalkboard. However, the bits of chalk are still 
chalk. The atoms and molecules in the chalk aro 


How do the three states of matter differ? Re- 

member that all matter is made of tiny particles 
Different states of matter differ in how far apart 
these particles are. There is an attraction be- 
tween the particles in matter. Tho strength of 
this attraction varies with the amount of space 
between particles. Also, the way in which par- 
ticles in each state of matter move is different, 
The drawing shows how particles in a solid, a liq. 
uid, and a gas might look. 

Particles in solid matter are packed very close 
together. This causes the attraction between 
these particles to be strong. The particles move 
back and forth in a very small space. Because the 
Particles have a strong attraction for each other, 
they do not move around very much. For this rea- 
son, solids have a definite shape. [tis also why sol- 
ids have a definite volume. A cube of sugar and a 
brick are solids. What are some other solids? 

Particles in liquid matter aro not as close to- 
gether as those in a solid. So the attraction be- 
tween particles in a liquid is weaker than in a 


solid. The weaker attraction allows particles in a 
liquid to slip and slide over and around one an- 
other. Because of the way the particles move, liq- 
uids have no definite shape. Liquids take the 
shape of the container they are in. As the par- 
ticles in liquids move, the spaces between them 
do not change. So liquids have a definite volume. 
‘The picture shows containers of different sizes 
and shapes. Tho same volume of water is in each 
one. What property of liquids does this show? 


Particles in gases are spread farther apart than 
the particles in liquids. So the attraction between 
them is very weak. This very weak attraction al- 
lows particles in a gas to move freely. Because the 
attraction is so weak and the spaces so great, 
gases have no definite shape or volume. Suppose 
à gas is put in a closed box or jar. The particles of 
the gas will spread out until they fill the box or jar. 

Changes in state are common physical changes. 
Energy is involved when matter changes from 
one state to another. Energy must be added to 


|... Beling water 


Finding 


Meling ice 


change a solid to a liquid. Energy must also be 
added to change a liquid to a gas. The energy that 
is added is usually in the form of heat. Heat 
energy causes the particles in solids and liquids to 
move faster. This increases the spaces between 
the particles and weakens the attraction. So a 
Solid changes to a liquid and a liquid to a gas. 

A glass of ice cubes left out on a hot summer 
day will melt. Melting is the change of stato from 
a solid to a liquid. When heat is added to a solid, 
‘what happens to the particles in the solid? How 
does this explain why the solid melts? The tem- 
perature at which a solid changes to a liquid is 
called the molting point. 

Cooking food often involves boiling liquids. 
When something boils, it changes from a liquid to 
a gas. As heat energy is added, some particlos in 
the liquid have enough energy to escape from tho 
liquid. The escaped particles aro now particles in 
a gas. The temporature at which a liquid changes 
Wa gas is called the boiling point, 


out 


How fast and how far can particles in a gas move? 
Get a bottle of perfume and some absorbent colton, 
Have a partner stand about 5 m away. Have your part- 
ner open the bottle of perfume and pour a small 
amount of il onto the cotton. Note the time, When you 

¡ote the time again. How long 
i the perfume? 


can smell the perfume. n. 
dic it take for you to smel 
How far did the perfume porlicles travel to reach 
‚You? What conditions in the room might have affected 
how quicky the perfume particles reached you? « 
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Most substances havo a definite melting point 
and boiling point. Melting point and boiling point 
are physical properties of matter. The melting 
Point of water is 0°C. Its boiling point is 100°C, 

Some changes of state involve taking energy 
away. To change a gas to a liquid or a liquid to a 
solid, energy must be removed. The energy that 
is removed is usually heat energy. Whon hear 
energy is removed, the particles in matter move 
more slowly. So the spaces between the particles 
become smaller. What happens to the attraction 
between particles? How does this causo a liquid 
to change to a solid? How is the liquid orange 
juice changed to a solid? 

Melting, boiling, and other changes in stato 
may not seem like physical changes, but they are. 
Molecules in liquid water are not changed when 
the water changes to a gas or a solid. Liquid iron 


is hade up of tho same kinds of atoms that make 
up solid iron. Physical changes do not change tho 
particles that make up matter. 


guid on 


Uauid orange juice 


Sola ron 


A mixture of nuts 


MIXTURES 


What are the properties of a mixture? 


The children in the picture below are making a 
salad. They are mixing some lettuce, carrots, 
green poppers, and other vegetables, A salad is a 
mixture (miks'chor) of different vegetables. A 
mixture is a matorial formed by tho physical com- 
bining of two or more different materials. Mixed 
nuts are another example of a mixture. 

The materials in a mixture aro not combined as 
they are in a compound. In a compound, sub- 
stances have combined to form a new substance, 
But the materials that aro in a mixture do not 
change to something else. Lettuce remains Iet- 
tuce when it is mixed with carrots. The materials 
in a mixture can be physically separated. How. 
could you separate the pieces of vegetable in the 
salad mixture? 


How can substances in a mixture be separated? 


Materials | spoon / table fot ) sand / datk-col- 
Cred paper / hend lens / 2 jers / filer paper / fun- 
Dg! / paper towel / glass or plastic dish 


Procedure 
A. Put à spoontul of fable solt ond a spoonful of 
sand on a sheet of dark paper. Use a hand lens to 
look at the sand and the salt, Draw some particles 
of each, 

4. Howare the particles different? 


5. Mix the sand and the salt together, Put water 
into a jar so the jar is half full, Add the sollsonc 
mixture to the water in the jar, Stir the mixluro with. 
the spoon, dili 

2. What happens? 


C. Fold c piece of filter paper as shown. Put the fk 
ter paper into c clean funnel. Put the funnel in an- 


other jar so it resis on the mouth of the Jar. 


D. Sowy pour all the scllsand-woter mixture into 
the funnel. Now take the filler paper out, open it, 
and place ir on a paper towel, Allow the material 
on the filler paper to diy. 


E Pour c small amount of fe liquid from the jar 
Into a dish. Allow the liquid in the dish to evapı 
tate. 
3. What material do vou think will be left in the 
dish affer the water evaporates? 


F Use a hand lens to look at the dried materials on 
the fier paper and in the dish. 

4. What material is left on the filter paper? 

5. What moterialisloft in the dish? 


Conclusion 
4. When you mode the sallsandawater mixture, 
‘what kind of change In matter occurred? 

2. Describe how the materials in tho mixture were 
separated 


Tho pieces or particles in à mixture can be of 
different sizes. The pieces of vegetable in the 
salad are largo. Suppose you mix sand and salt to- 
gether. The particles are small, but they can be 
seen. They can also be separated from each other 
by physical means. 

Mixtures are found everywhere. Almost all 
foods are mixtures, Nearly all the water on the 
earth is a mixture. If you have ever tasted ocean 
water, you know it is salty. Ocean water is a mix- 
ture of water and different kinds of salts, What 
mixtures are shown at the left? 


Do you know? 


‘One special typa of mixture i 
called an alley (al'oi). Most al- 
loys cte mixtures of two or mora 
metals. Most alloys are harder 
and stronger than each ofthe 
metals ney cre mode trom, For 
exemple, when iron ls mixed 
‘with carbon and coricin other 
elements steel s formed. Steelis 
stronger and better able to resist 
tst than iron alone; 

Some scientists think that al- 
loys can be made cheaper and 
better in space. They cre testing 


thisidea by making certcin al- 
loys duting missions of the Space 
Shuttle, Some clay most of fno. 
alloys we use on the earth may 
‚bo made!n factories in space, 


TWO KINDS OF MIXTURES —— 


How are a solution and'a suspension differen? 


You have learned that the particles in somo 
mixtures are large enough to be seen. You can 
see the grains that make up a mixture of sand and 
salt. In other mixtures the particles that are 
mixed together are individual molecules. You can- 
not see the particles in a mixture of sugar and wa- 
ter. The particles of sugar and water are individ- 
ual molecules. 

A mixture of sugar and water is a special kind 
of mixture. It is called a solution (so lü'shan). A 
solution is a mixture that forms when one sub- 
stance dissolves in another. In a solution the par- 
ticles of the substances are evenly mixed. Most 
solutions are a solid dissolved in a liquid. Those so- 
lutions are clear, even if thoy aro colorod. 

What happens when sugar mixes with water? 
Thé sugar particles seem to disappear in the wa- 
ter. Of course the sugar has not disappeared. It 
has dissolved in the water. This means that the 


A solulion af sugar and water 


Sugar molecules are evenly mixed with the water 
molecules. You cannot see the tiny sugar mole- 
cules, But if the water evaporates, the sugar 
molecules form solid sugar again. 

A solution has two parts. The solute (solyut) is 
tho substance in a solution that dissolves. In a 
Sugar-and-water solution, sugar is the solute. Wa- 
ter is the solvent. The solvent (sol'vont) is the 
Substance ina solution that does the dissolving, 

Several things affect how fast a solute dissolves 
in a solvent. Stirring makes a solute dissolve 
faster. Temperature also affects how fast a solute 
dissolves. Most solutes dissolve faster in a warm 
Solvent than in a cold one. The picture shows 
Powdered tea in hot water and in cold water. The 
Same amount of tea was put into each glass at the 
same time. Why is thore a difference in the 
amount of tea dissolved in each glass? 

Tho size of the solute particles also affects how 
fast tho solute dissolves, Small solute particles dis. 
solve fastor than large solute particles, For ex- 
ample, small grains of sugar will dissolve faster 
than a whole sugar cube. 


_ How does the Size of solute particles affect 
how fast a solute dissolves? 


Materiais 
boo 


201872 sugar cubes / paper / plastic 


Procedure 
A: Holt ttl two Jars with warm water 


B. Wrap a sugar cube in 


Ae Which do you think wil dissolve fist, the sugor 
Cubo or the crushed sugar? 


=D. Walch each jar 
sugar dissolves first 
2. Which dissolves fi 
crushed sugar? 
3. Howis the size of 
Ineach jo? 


"Conclusion. 


Toar does the size ofthe solute particles effect how 
festa solute dissolves? 


Using science Ideas 
Kresctstep A through D, but put hot waterin ono 
lain the other. Put the whole sugar cube, 
water and the crushed sugar cube in the 
nestor. Does this affect whether the cube a 
Grished sugar dissolves frst? Exolain the results 


Asusponsion of chalk and water 
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In the chalk-and-water mixture, the chalk par- 
ticles are suspended in the water. It they are not 
disturbed, the particles that are in a suspension 
will separate from the liquid. They will setilo 10 
the bottom, The picture on the right shows the 
challcand-water mixture aftor 2 days. The chalk 
Particles have settled to the bottom. 

You may have seen bottles labeled Shake well 
before using. Many such bottles contain some 
kind of suspension. A vinegar-and-oil salad dross. 
ing is a suspension. Orange juice and some liquid 
medicines are also suspensions. 


— ANOTHER KIND OF CHANGE — 


What is a chemical change? 


You have learned about many different physical 
changes in matter. But matter can change in an- 
other way. When a piece of wood bums, it 
changes into new substances. Burning wood is an 
exemple of a chemical change. A chemical 
change is a change in matter in which one or 
more different kinds of matter form 

The physical properties of matter chango when 
there is à chemical change. You can see that iron 
is a dark-gray metal. Iron is attracted by a mag. 
ner. Sulfur is a yellow powder that is not at 
tracted by a’ magnet. When iron and sulfur are 
mixed together, they can easily be separated 
Neithér substance has changed. But when iron 


and sulfur are heated together, a chemical 
change takes place. A new substance is formed. 
This substance is iron sulfide, It is brown-black in 
Solor. And it is not attracted toa magnet. 


Some chemical changes take place slowly. Thd* 
Tust on the body of this car formed from a slow 
chemical change. Oxygen from the. air joined with. 

iron to form the Compound iron oxide. Iron oxide 

is commonly called rust. How does paint help stop 

rust from forming? 


Rusling-a slow chemical change, 

Other chemical changes take place morc 
quickly. When vinegar is poured on baking soda, a 
Tapid chemical change takes placo. There are 


new substances formed. One new substance is 
carbon dioxide gas. 


Arapid chemical change 


IDEAS TO REMEMBER 


or state of matter, 
> The three states 


Chapter 7 


Understanding . 
Electricity 


You live in a world that doponds on electricity. 
Look around. You may have many things in your 
home that run on electricity. A television, a 
stereo, and a radio use electricity. The lights in 
your house, the clock on the wall, and the toaster 
in the kitchen all need electricity. You may have 
toys and games that run on electricity. Your home 
may bo heated by electricity. Your food may be 
cooked in an electric oven. 

The boy in the picture is looking at the many 
electrical devices on display. Can you imagine 
your life without electricity? 

In this chapter you will learn what electricity is. 
You will learn how it is produced, used, and mea 
sured. You will also learn about some of the dan- 
gers of electricity and how it can be used safoly. 
464 
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TT — ELECTRICITY 


What is electricity? 


Nou depend a great deal on electricity, But 
what is electricity? You cannot see it. You can 
only see what it does. For a long timo scientists 
havo been interested in what electricity is and 
does. 


What isknown aboutolectricity? Scientists know 
that everything is either matter or energy. Matter 
bas mass and takos up space. Since electricity does 
not have mass or take up space, it must he energy 


Wain running cn electichy 
You know that electricity cando work. What kindof 
work is being done in the picture? 

To understand olectrical energy, you must un- 
derstand matter. Remember that all matier ig 
made of atoms. Knowing the structure of the 
stom will help solve the mystery of electricity. | 

You have learned that the atom has a central | 
Part called a nucleus, There are particles in the 
nucleus. Some of these particles have a positive | 
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charge. They are called protons. Moving around NERAN. 

the nucleus are other particles, called electrons. 

The electrons in an atom hate a negative charge. 

If the number of protons and the number of elec- 

trons in an atom are the same, thoir charges bal- 

ance one another. When this happens, the atom 

has no charge. An atom with no charge is neutral 

(nú'trel). Under normal conditions the atoms in 

most matter are neutral. As the drawing shows, haath 

the number of electrons and protons is balanced. —_@ election @proton Orewin 
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Look at the drawing of the children playing tug- 
akıwar. You can see that the teams are not bal- 
anced. One team has six children and the other 
has four. To balance the teams, some children 
will have to move. They can move in only one di- 
rection. Some children will have to move from the 
side with the larger number to the side with tho 
smaller number. How many children will have to 
move to balance the teams? 


In some ways oloctricity is like this game of tug- 
of-war. Suppose the number of protons and the 
number of electrons in an atom are not the same. 
This happens when an atom gains or loses oloc- 
trons. If an atom has more electrons than pro- 
tons, the atom has a negative charge. An atom 
with more protons than electrons has a positive 
charge. 

Look at the drawings of the atoms. As you can 
see, atoms can gain or lose electrons. Atom A is 
losing an electron. Atom B is gaining an electron 
This movement of electrons produces electricity. 
Which atom has a positive charge? Which atom. 
has a negative charge? 


Does clear tape have an electric charge? Vou will 
need a oll of clear tape. Remove two strips of tape. 
from the roll. Each strip should be about 8 cm lone 
‘Make sure that you touch only one end of the tape. 
Slowly move the Iwo sticky sides of ihe fape toward 
each other. Then slowly move the two smooth sides ta- 
ward each other, Walch what happens. Do The pieces 
of tope have an electric charge? How can you tell? 
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— — KINDS OF ELECTRICITY —— 


What are two kinds of electricity? 


Tris a cold, dry day in winter. You walk across a 
Wool carpet and reach out to turn a doorknob, 
You feel a shock. What happened? When you 
moved across the carpet, you gained electrons. 
Your shoes rubbed electrons off tho carpet, The 
electrons built up on your body and stayed there. 
This buildup of electrons gave your body an olec- 
tric charge. An electric charge that does not 
move is called static (stat'ik) electricity. 


ELECTRIC DISCHARGE 

When you touched the doorknob, electrons 
moved from you to the doorknob. Why did this 
happen? Electrons move from a place where 
there are many electrons to a place where there 
are fewer electrons. Your body had more elec 
trons than the doorknob, When you touched the 
doorknob, the extra electrons moved from your 
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body to the doorknob. This movement of the ox- 
tra electrons is called an electric discharge (dis'- 
charj). After tho electric discharge, you became 
neutral again. 

Lightning is another example of a discharge of 
static electricity. Lightning is often caused by a 
buildup of electrons on a cloud. The cloud has 
more electrons than the ground, When the differ- 
ence between the charge on the cloud and the 
charge on the ground is great enough, an electric 
discharge occurs. You can see this discharge as 
lightning. 


electron buldup, electo charge 
(Gating) 


VAY LIGHTNING STRIKES 


Electrons move when they jump from a finger 
to a doorknob, They also move when lightning 
strikes the earth. This movement of electrons is 
called current electricity. Current electricity is 
more useful than static electricity. What are some 
ways that current electricity is used? 

The electricity that jumped to the doorknob 
had to move through some form of matter. It 
moved through Air. Electricity can move through 
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other forms of matter, such as metal, Matter 
through which an electric current moves easily is 
called a conductor (kan duk'tar). Most metals aro 
good conductors. Some metals are better con- 
ductors than others. Gold, silver, and copper are. 
all good conductors. Copper is low-priced and 
easy to obtain. So it is often used as a conductor, 

Not all kinds of matter are good conductors. 
Current cannot move easily through wood, rub- 
ber, glass, or plastic, Matter that is not a good 
conductor is called an insulator (in'se là tar). Rub- 
ber is often used as an insulator around copper 
Wie. The rubber helps to keep electricity in the ji Gon fae ee memes 
wire, An insulator helps to prevent electric shock, . 


TYPES OF INSULATED Wine 


Plastic insulation 
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Which materials are conductors? 


Materials 6.volt battery / light bulb and socket / 
3 test leads / copper penny / cardboard strip / 
focthplek /ciuminum foll / paper clip / rubber 
bean ole 


Procedure. 

A. You are going to test different materials to see if 
they aro conductors or insulators. Make a chart like. 
the one shown below. 


Material tested | Conductor | Insulator 
| copper penny 
toothpick 


rubber band 


B. Comect the battery, test leads, and light bulb. 
asshown 


C. Remove one of the lest leads trom the bulb. 
Clip it to a copper penny, Uso another test lead to 
clip the ponny to the bulb as shown. 

1. What happens to the bulb? 

2. Is the penny a conductor or on insulator? 


D. Repeat step C for each of the other materials 
Fill in your char. 


Conclusion | 
4. Which materials are conductors of electricity? 

2, How are all the conductors alike? 

3. Which materials are insulators? How do you 
know? ^ 


Using science ideas 

Look around your home for tools that are used to 
repair electric tievicss. The handles of some of the 
tools will be covered with rubber. Explain why, 
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ELECTRIC CIRCUITS — — 


What are two kinds of electric circuits? 


Electricity must flow through a path to be use- 
ful. The path through which an electric current 
flows is a circuit (sér/kit). A cireuit lets electrons 
flow from a place where there are many electrons 
to a place where there are few. The flow of elec- 
trons in a circuit is similar to the flow of water in a 
pipe. Like water, electrons need a path to follow. 
The pipe gives water a path to follow. The circuit 
gives electrons a path to follow. The drawing 
shows a light bulb in ah electric circuit, Electricity 
flowing through the wire lights the bulb. 

An electric circuit must be complote for elec- 
tricity to flow through it. A circuit that is com- 
plete is called a closed circuit. If there is a break 


in the cjrcuit, electricity will not flow through it. 
A circuit that is broken, or incomplete, is called 
an open circuit. The opening and closing of a cir- 
cuit is controlled by a device called a switch, 


open switch 


OPEN CIRCUIT. CLOSED CIRCUIT 


load wien 


stis CIRCUIT 


There are two kinds of electric circuits. One 
kind is a series (sir’s2) circuit. A sorlos circuit is 
ono in which current can follow only one path. An 
open switch or a broken wire stops the flow of 
current in a series circuit. The drawing shows a 
simple serios circuit. I: has an energy source, a 
copper wire, a switch, and two light bulbs. What 
happens to the flow of current when the switch is 
‘open? What happens when the switch is closed? 
Suppose one more light bulb is added to the cir- 
cuit, The current must flow through it also. If one 
of the bulbs burns out, the path is broken. The 
current no longer has a path to move through. 

‘The other kimi of electric circuit is a parallel 
(par' lel) circuit, A parallel circuit is one in 


which current can follow more than ono path, 
Look at the parallel circuit with two bulbs shown 
in the drawing. The current does not have to flow 
through the green bulb to teach the red bulb. 
Compare it with the drawing of the series circuit. 
How many paths can you trace in the parallel cir- 
cuit? va 

Most circuits used in homes are parallel cir- 
cuits. If you turn off one light in your home, the 
‚other lights will stay on. The parallel circuit pro- 
vides another path for the current to follow. It is 
like taking a detour on a road. Traffic can flow 
from one point to another, but it goes along a dif- 
ferent route. What would happen if the lights in 
your home were not wired in a parallel circuit? l/ 


PARALLEL CIRCUIT 


Are bulbs brighter in a series circuit or a parallel 
circuit? 


Malerials &-volt battery / 2 light bulbs and sock- 
eis / 5 test leads / insulated copper wire 


Procedure 
A. Connect one light bulb In a circuit, os shown in 
„the top picture, 
4. Observe fne brightness of the bulo, 
2. What would happen if you added one more 
bulb? 


B. Add one more bulb fo the circuit, cs shown in 
the middle picture, You have connected the bulbs 
in a series circuit, Observe the brightness of the two 
bubs. 
3. Aro the two bulbs brighter than the one bulb? 
4. Why is there o difference? 
C. Connect fwo bulbs in the citcuil, os shown in 
the bottom picture. This is a parallel circuit 
Observe the brightness of the bulbs. 
5. Are the bulbs as bright cs the bulbs in step B? 
6, Aro the bulbs as bright os the bulb in step A? 


Conclusion 
4. Which circuit hos the brighter bulbs? 

2. Explain in your own words the difference be- 
tween a series circuit and a parallel circuit 


Using scienco ideas 
1. Draw a series clicull that hos five bulbs. Suppose 
one bulb bumed out. What would happen to the 
other bulbs? 

2. Draw a parallel circuit thet has five bulbs. Sup- 
pose one Bulb burned out. What would happen to 
the other bulbs? 


` — PRODUCING ELECTRICITY 


How can c magnet be used to produce 
electricity? 


Have you ever used a magnet to pick up pins or 
y Peper clips? Did you know that a magnet can also 
+ be used to produce electricity? This property of 
J magnets was known in 1831. A scientist named 
Michael Faraday found that a magnet can be used 
| to produce electricity, 


The drawing shows, in a simple way, what 
Fareday did. He moved a strong magnet back and. 
forth through a coil of wire, Electrons moved 
along the wire! How did this happen? Electrons 
were Not moving along the wire before the mag. 
net was passed through it. 

You may know that a magnet has lines of force 
around it. These lines of force cause somo metal 
Objects to move toward the magnet. They can 
also make electrons move inside a wire. Moving 
electrons produce an electric current. 


Megnati Ines of force "er 


Generator 


Faraday's discovery was used to make a ma: 
chine that is still in use today, This machine is a 
generator (jen'a rá ter) A generator changes 
energy of motion into electrical energy, When 
coils of wire cut through a strong magnetic field, 
electrons move through the wire. To koop the 
electrons moving, either the wire or the magnet 
must be kept moving. 

To produce electricity, a generator needs 
energy from an outside source. Most of this 
energy comes from the burning of fuels, such as 
coal, oil, and gas. 

The drawing shows how electrical energy is 
produced by a generator. Look at the drawing as 
you read each step. 

1. Gas is burned to heat water to produce 

steam, 

2. The, steam gums the blades of a turbino 
(tér'bin). A turbine is a device that is mado 
up of a wheel and blades. 


3. The turbine is attached to a generator, 
which is shown as a maghet inside a coil of 
wire. As the turbine moves, it turns the 
magnet. This produces an electric current 
inside the coil of wire. 

- The current produced in the coil of wire 
lights the bulb, 


HOW A GENERATOR PRODUCES ELECTRICNY 


Generators are not the only way we can pro- 
duce electricity. You may own flashlights, small 
radios, and toys that need a supply of enorgy. 
They do not have gonerators. Instead they use a 
device commonly called a battery. A battery is 
really two or more electric cells joined together. 
An olectric cell is a dovice that changes chemical 
energy to electrical energy. 


positive 
(pole pole 


INSIDE A DRY CELL 


negative 


One type of electric cell is called a dry cell. A, 
dry cell usos a chemical paste, carbon rod, and 
zinc case to produce a flow of electrons. Chemical 
reactions occur inside the dry cell. One reaction. 
causes the walls of the zinc case to become nega- 
tively charged. Another reaction causes the car- 
bon rod to become positively charged. The zinc 
case is called the negative pole. The carbon rod is 
called the positive pole. If the dry cell is con- 
nected to a circuit, electrons flow from the nega- 
tive pole to the positive, This movement of elec- 
trons forms an electric current. 

A true battery is made of two or more cells, 
Most car batteries are mado of six cells. A car 
battery does not use a chemical paste to make 
electricity. Instead it uses acid and water, which 
react with metal plates. The chemical reaction of 
the metal and acid produces a flow of electrons. 
Such a battery is called a wet cell battery. The 
car battery, below, is a wet cell battery. 


— ——-USING ELECTRICITY — — 


How is electricity usea? 


Every day you use electricity in many ways. 
You may wake up to the sound of an electric 
alarm clock, You may eat breakfast cooked on an 
electric stove. You use electricity at home and in 
school. It is also used in stores and factories. Look 
at the drawing of the house. How many uses of 
electricity can you find? 


To be useful, electricity must be changed to 
other kinds of energy. Think back to what you 
know about magnets. The electromagnet is a mag- 
net that forms when a current passes through a 
wire coiled around a metal core. A giant electro- 
magnet can be used to lift heavy metal objects in 
a gorapyard. This is an example of how electricity 
can be changed to another kind of energy. 


Motors In electic appliances, 


glass cover 


filament 


bose 
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Electrical energy can also be changed to met 
chanical (mo kan'o kol) energy. Mechanical 
energy is energy of moving machine parts, You 
can see this change in an electric motor. An elec- 
tric motor is a machine that changes electrical 
energy to mechanical energy. When you plug a 
motor into a wall outlet, the electricity turns the 
motor. Mixers, fans, and power tools all have mo 

tors. Look again at the drawing of the house on 
page 171. Where are motore used? 


Electricity is also an important source of light 
and heat. For example, in a light bulb or a toaster, 
electricity is changed to light or hoat energy. 

Let's see how a light bulb produces light. The 
light bulb has a glass cover, a base, and a fila- 
ment. The fllamont (flo mont) is a thin coil of 
wire. When a current moves through the filament 
it becomes hot. The hot filament glows and gives 
off light. The glass cover prevents air from reach- 
ing the filameht. What would happen if air 
reached the glowing filament? 


— MEASURING ELECTRICITY — 


How is the flow of electricity measured? 


Fach day great amounts of electrical energy are 
used in homes, schools, and offices. How is elec- 
tricity used in the picture of the office building? 
You use a certain amount of electricity when you 
watch television for an hour. You use a different 
amount when you read for 2 hours by the light of 
a lamp. Have you ever had someone tell you to 
turn off a light? Energy use costs money. Somo- 
one must pay for all the energy you use. But be- 
fore you can pay for it, it has to be measured. The 
person in the picture is reading a meter that 
measures the amount of electricity usod. 


Recding an lecite meter 

Eloctricity is used to do work. The more work a 
device does, the more electricity it uses, Also, the 
faster a device works, the more electricity it uses. 
The amount of work that is done in a cortain po- 
riod of time is called power. Small amounts of 
electric power are measured In units called watts 


(wots). Large amounts of power are measured in: 


kilowatts. A kilowatt (kil'o wot) is 1,000 watts. 
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Most electric devices have the number of watts 
they use printed on them. One motor may have 
50 watts printed on it. Anothor motor may have 
100 watts printed on it. The 100-watt motor uses 
twice as much energy as the 50-watt motor in the 
same amaunt of time. Look at the light bulbs in 
the picture. How many watts does each bulb use? 
Which one uses the most power? 

Electric companies measure how much elec: 
tricity a customer uses in kilowatt-hours. A kilo- 
watt-hour is equal to 1,000 watts of electricity 
used for 1 hour. A 100-watt motor can run for 10 
hours before it uses a kilowatt-hour of electricity. 
How long can a 50-wat: light bulb burn before it 
usesa kilowatt-hour of electricity? 

‘Meters measure the amount of electricity used 
ina building. Do you know where the meter is at 
your house? The meter shows how many kilo- 
watt-hours of electricity were used in your home. 
Each kilowatt-hour costs a certain amount of 
money. Look at the picture of an electric bill. How 
many kilowatt-hours of electricity were used dur- 
ing the month? How much did the electricity 
cost? 
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— USING ELECTRICITY SAFELY 


How can a building be made electrically safe? 


Every building has safety devices to help keop 
electricity safe. Fuses (fyüz'ez) and circuit 
breakers protect buildings against fire. How do 
they do this? Each circuit is made to handle a cer- 
tain amount of electric current. If too many app 
ances are plugged into a circuit, the wires may 
become too hot. When this happens, fuses and 
circuit breakers help to keep fires from starting. 


Good fuso ana blown tuse 

+ These two safety devices are mado to break the 
circuit if the wires become too hot. A metal strip 
inside a fuse melts and the fuse blows. This 
breaks the circuit. A special switch in a circuit 
breaker turns off to break the circuit. 

Electricity should not be allowed to flow again 
Until the cause of the problem is found. The num- 
ber of appliances on the circuit should be 
checked. There may be too many. There may also 
be something wrong with one of the appliances. 

When the circuit has been checked, the current 
cen be turned on again. The blown fuse can be re- 
Placed with a new fuse. The switch on the circuit 
breaker can be turned on again. 


Fuso box 


Cicut rockers 


You too can help prevent electrical accidents * 
The following simple rules will help protect you 
from harm: 
DON'T put anything excopt an electrical plug 
into an electrical outlet. 
DON'T touch any electric appliance while you are. 
wet. 
DON'T use an electric appliance that has a frayed 
cord, 
DON’T run an olectrical cord under a carpet. 
DON'T plug too many electric devices into one 
outlet. 
PONT touch a fallen power lino: 
DON'T fly a kite near power lines, 
DON'T swim, play in an open field, or stand under 
a tree during a lightning storm. 


I IDEAS TO REMEMBER 


P There aro two kinds of electricity—static 
electricity and current electricity. 

» Static electricity is an electric charge that 
does not move. 

» Current electricity is the movement of elec- 
trons. 

» A series circuit is one in which current can 
follow only one path. 

P A parallel circuit is one in which current 
can follow more than one path, 

» A generator is a machine that changes me- 
chanical energy into electrical enorgy, 

» An eleciric cell is a device that changes 
chemical energy to electrical energy, 

> An electric motor is a machine thar 
Changes electrical energy to mechanical 
energy. 

» The amount of electricity used is measured 
in kilowatt-hours, 

» Fuses and circuit breakers are safety dø- 


vices in electric circuits, 


Reviewing the Chapier 


SCIENCE WORDS. 


A. Identify each of the following. 

1. It protects your home from fire, It is made of glass and 
metal. It is small enough to hold in your hand, What is 
it? 

2. Itis coiled and it glows. Electric current passes through 
it. It is inside a glass case, What is it? 

3. It contains a chemical paste. A carbon rod passes 
through the middle of it. Electricity is produced inside 
it, What sit? 


. Write the letter of the term that best matches the defini- 
tion. Not all the terms will be used. 
1. Unit for measuring small a. circuit 
amounts of electric power b. generator 
2. Circuit in which current can fol- €. parallel circuit 
E low only one path. d. static elec- 
3. Matter through which an elec- tricity 
tric current moves easily 6. neutral 
4. Device that changes chemical ^ "& watt 
energy to electrical energy g. current elec- 
5. Atom that hasno charge tricity 
6. Path through which an electric Wa. series circuit 
current flows. i. electric cell 
7. Circuit in which current can fob j. conductor 
low more than one path X. turbine 
8. Machine that changes energy of 1. insulator 
motion intoelectricalenergy . e 


Chapter 8 


Think about how you used energy today. You 
used energy to get dressed. This energy came 
from the food you ate. Perhaps you rodo to school 
in a bus or a car. Where do buses and cars got 
energy to move? 

The "solar power tower" in the picture is a 
modern device that usos the sun as a source of 
energy. The many mirrors focus sunlight onto the 
tower. The sunlight is used to produce electricity. 

The sun is one source of energy that people 
use. The earth has other energy sources. Some of 
these sources are plentiful but hard to collect. 
Others are scarce. In this chapter you will ¡Sara 
about these energy sources and some of the prob- 
Jems involved in using them. 


— ENERGY FROM FOSSIL FUELS — 


What are three fossil fuels and their uses? 


All machines need energy to do work, Some 
machines get their energy from muscle power. A 
bicycle is a machine that runs on muscle power. 
But most machines that are used today do not run 
on muscle power. They use another source of 
energy. This major energy source is fossil fuels. A 
fossil fuel is a fuel that forms from the remains of 
dead plants and animals. Coal, oil, and natural gas. 
are fossil fuels, 

Millions of years ago the earth was warm and 
wet. Much of the earth’s surface was swampy. 
The drawing below shows what these swamps 
may have looked like. Many green plants grew 
and died in these swamps. Each plant had energy 
stored in it. Year after year, more plants died and 
piled up. The land sank beneath the weight of the 


Swamp plants from which cool formed 
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plants. Seas began to form. Streams emptying 
into the seas carried sand and other material. Tho. 
weight of all this matter pughed down hard on the 
dead plants. Over the years, heat and pressure 
caused the dead plants to change into coal. 

In other places, the earth of the past was cov- 
ered with shallow seas. Tiny living things in theso 
seas died and foll to the bottom. After many 
years, they became covered with sand, mud, and. 
other material. Heat and pressure changed the re- 
mains of these living things to oil and natural gas. 

Coal, oil, and gas are taken from the earth. Coal 
and gas do not have to be changed for use as 
fuels, Oil that is taken from the earth is called 
crudo oil. Before crude oil can be used, it must be 
changed. Crude oil is changed to useful products 
in a refinery (ri fr'nor 6). These products include 
fuels,such as gasoline, diesel (de’zol) fuel, and 
home heating oil 
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Fossil fuels have many uses. The most impor « 
tant use is as a source of energy. But before their 
energy can be used, fossil fuels must be burned. 
This process is called combustion (kom bus'chon). 

In combustion, oxygen from the air combines 
with a fuel, producing heat and light. 

Most of our electricity comes from the heat of 
burning fossil fuels. Look at the drawing. It shows 
coal being burned to heat water. When the water 
boils, it changes to steam. The steam is forced 
against @ fan-shaped turbine. The force of the 
steam turns the blades of the turbine. The tur- 
bine is attached to a generator. The turbine turns 
the generator, which produces electricity. Power 
1 lines carry the electricity to other places. 


generator 
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How cocks used To produco aracta 

Fossil fuels are used in many other ways. Cars, 
trucks, planes, and trains all burn fossil fuels. The 
heat from burning fossil fuels is changed to the 
energy of motion by engines. Factories burn fossil 
fuels to make thejr products. The table on the 
next page lists main energy uses of fossil fuels. 


combustion of coal 


Supplies cf fossil fuels are limited. Once they 
are used, they are gone forever. They cannot be 
replaced. The world will someday run out of this 


major ehergy source. So people must make wise 
use of fossil fuels. 


Finding 
out 


‚Are you wasting energy? You can locate heat energy 
leaks at home and at school Get c pencil, a piece of 
Plastic wrap, and some transparent tape. Tape the 
piece of plastic wrap along one side of the pencil, The. 
plastic wrap should hang down about 15 cm from the 
Pencil. You have made an energy-ieak finder, 

Test your classroom or a room at home for energy 
leaks Hold the energyeak finder in a placo where you 
think air might be leaking to the outside, Chock around 
Windows and doors, f there ls a leak, the plastic wrap 
will move. Find out what could be clone fo prevont this 
waste of enorgy. 


Nuclear power plant 
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ENERGY FROM ATOMS 


How is energy obtained from an atom? 


The second major sourco of energy being used 
in the world is nuclear (ni’klé or) energy. What is 
nuclear energy? You have learned that the atom. 
is a small particle from which all matter is made. 
You have also learned that there is a nucleus in 
the, center of every atom. The energy stored in 
the nucleus of an atom is called nuclear energy. 
This energy has to be released before it can be 
used. 

There are two ways to release the energy that 
is stored in an atom. The most common process 
used is called fission (fish’on). In nuclear fission 
the nucleus of an atom is split, releasing energy. 
‘The atom that is most often used in fission is the 
uranium (qu ranë om) atom. 


Tho other process used to release the energy 
that is stored in the atom is called fusion 
(fyù'zhan). Fusion is the opfosite of fission. In nu. 
clear fusion the nuclei (ni’kls 3) of atoms ars 
combined, releasing energy. (The word nuclei 
means "more than one nucleus.) In both fission 

p and fusion large amounts of energy are released 
The most important use of nuclear energy to- 
ion is the process 
ctricity. Fission 


F How nuclear energy is usod 19 produco elociiciy 
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Fusion is not used today to produce useful 
energy. This is because scientists have not yet 
learned to control the great amount of energy ro- 
leased from fusion. Scientists are using the nu- 
clear test reactor shown to help them learn to 


Nucioartes reactor 
Although fusion cannot be controlled, almost all 
the energy on the earth comes from fusion. This 
is because the sun is the source of most of the 
earth’s energy. And the sun produces energy 
from fusion. 

Nuclear energy is one way to meet the world's 
energy needs. Some people think its benefits out- 
weigh its problems? People who favor using nu- 
clear energy say it helps save fossil fuels. Elec- 
tricity can be produced by using a lot less 


8 
uranium coal 
Agram 3 metric tons 


PRODUCE THE SAME AMOUNT OF ELECTRICITY 


uranium than by using either coal or oil. In fact, 


Just 1 gram of uranium produces as much energy 
as 3 metric tons of coal or 14 barrels of oil. 

Supporters of nuclear energy also say that it is 
clean energy. It does not release harmful smoke 
into the air, as happens when coal is burned. Why 
do nuclear power plants not give off smoke? 

But other people point to the problems in using 
nuclear energy. The fuel used inside these power 
plants gives off radiation (rá do a’shon). Radiation 
is the release of energy and particles from atoms. 
It can harm living things, Some people fear that 
Tadiation inside power plants might leak to the 
outside. 

Another problem is where to put the wastes 
from nuclear reactors. Some of these wastes give 
off harmful radiation for hundreds of years. So 
getting rid of them in a safe way is important. Sci- 
entists are looking for ways to do this. 


ENERGY FROM THE SUN 


How is solar energy used, and what are some 
problems with ils use? 


Almost all the energy on the earth comes from 
solar (solor) energy. Solar energy is energy from 
the sun. Today solar energy is used mostly as a 
source of heat. Office buildings and houses are 
heated with solar energy. 

One way to use solar energy is to "trap" it. 
Have you ever gotten into a closed car that had 
been parked in direct suntight? If so, you know 
that a lot of heat was trapped in the car. The air 
in the car may have been much warmer than the 
air outside. 

How doos the air in the car become warmed? 
Solar energy passos through the glass windows. 
When it strikes the material inside the car, the so- 
Jar energy changes to heat. This warms the air in- 
side the car. Because the car is sealed, very little. 
heat escapes to the outside. So the air in the car 
becomes warmer and warmer. This buildup of 
heat is called the greenhouse effect. 


Look at the picture of the 
the wall 


Solar collectors on root 


Solar cells on Wiking spacecratt 
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In addition to producing heat, solar energy can 
also be used to produce electricity. This can be 
done in two ways. One way is an indirect method. 
Solar energy is first used to produce heat. The 
heat changes liquid water to steam. The steam 
turns a turbine that is attached to a generator. 
‘The type of solar collector shown below uses an 
indirect method to produce electricity. It has mir- 
rors that gather sunlight. Another picture of this 
type of collector is on pages 180-181 of this 


chapter. The sunlight is reflected onto a small 
area on the tower. Inside the toworis a boiler that 
holds water. How can solar collectors such as this 
be used to produce electricity? 

Another way to use solar energy to produce 
electricity is a direct method. A device called a so- 
lar coll changes solar energy into electrical 
energy, Solar cells are an energy source for many 
spacecraft and somo buildings. There are solar 
cells covering the four arms of this spacecraft. 
Why would solar cells be useful in spacecraft? 


Solar energy seems to be a perfect energy 
source. It is clean, plentiful, and free! But there 
are problems in using solar energy. One problem 
is that nor all places receive enough sunlight to 
make solar energy useful. Also solar energy is not 
constant. If there are several cloudy days in a 
Tow, the stored heat or electrical energy may be 
used up. 


pane 
fne sunis 
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Materials 2 cardocard shoe boxes with lids / seis- 
sors / clear plastic wrap / transparent tape / 2 
Thermomerors / compass 


Procedure 
A. Use scissors to cut out a rectangular hole in one 
side of two shoe boxes. Gover tne hole In each box 
with a pieco of clear plastic wrap. Use transparent 
tape to attach the plastic wrap: 

B. Place a thermometer inside each box and put 
the lids on. Then make a chart like the one shown. 
C. Take the boxes oulcicors on a sunny day. Use a 
compass fo find north and south. Place one box so 
that its "window" faces south. Place the other box 
so that is "window" faces north 


D. Open tho boxes and check the temperature in 
each. Record this number os the starting temper- 
ature in your chart: Now close the boxes. 
1. What is the temperature inside each box? 
2. How do you think the temperature in the wo. 
boxes will change during the next 40 minutes? 
E. Every 10 minutes, for the next 40 minutes, record 
in your chart Ihe temperature inside each box 
3. In which box wos the final temperature 
greater? 


F. Make c graph showing how the temperature in 
each box changed. 


Conclusion 
4. What was the difference between the starting 
and final temperature in each bo»? 

2. Which lets in more solar energy. a north-facing 
Window or a south-facing window? 

3. In which direction should the windows face In a 
house that usos passive solar onorgy? Why? 


ENERGY FROM WATER 


used for 


Moving water is an important source of onergy 
used to produce electricity. In a hydroelectric (hl 
dro i lek'trik) power plant tho energy of moving 
water turas turbines attached to generators that 
produce electricity. Hydroelectric power plants, 
such as the one shown, are built as part of dams 
on rivers. Falling water flows through pipes inside 
the dam. The water flows over turbine blades at 


the bottom of the dam. The moving blades tum 
generators. 


Mycroeleciic power piant 

The number of places where hydroelectric 
Power plants can be built are limited. Also when 
daps are built on rivers, large land areas may be 
flooded. This can destroy places where many 
plants and animals livo. 

There is another way of using the energy of 
flowing water. Have you ever spent a day at an 
ocean beach? If so, you have probably seen that 


Tidal power plant 
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Yoduce electricity 


the water level along the shore rises and falls. In 
most areas the water level rises and falls twice a 
day. These daily movements of the water level 
along the shore are called tides. 

Tidal (ti'del) energy is another energy source. | 
‘Tidal energy is the energy of rising and falling 
tides, It can be used to produce electricity. To see 
how this is done, look at the drawing. A dam is 
built across a narrow opening to the ocean. Dur- 
ing high and low tides, water moves in and out of 
the openings in the dam. As it moves through the 
openings, the water flows over turbine blades in- 
side the dam. The turbines turn generators. 

Very few tidal power plants are in use today. 
The picture shows one that was built on a river in 
Franco. Tidal energy will probably never be a ma- 
jor energy source. For tidal energy to be used, 
there must be a large difference in the height of 
the water between low and high tides. But there 
are only a few pfaces in the world where tides are 
high and low enough to produce much energy. 


ENERGY FROM 
HEAT IN THE EARTH 


How is geothermal energy used? 


You have learned that almost all energy on the 
‘earth comes from solar energy. But there is also 
an energy source that is deep inside the earth. 
This kind of energy is called geothermal (jë ə- 
ther'mel) energy. It is energy from natural heat 
trapped beneath the earth's surface. This heat 
melts rock inside the earth. Melted rock inside 
the earth is called magma (mag'ma). In some 
places the magma comes close to the earth's sur- 
face. The magma collects in areas beneath the 
surface called hot spots. These hot spots are 
areas of geothermal energy. 

How can geothermal energy be used to produce 
electricity? When water in the ground comes in 
contact with hot spots, the water tums to steam. 
By drilling wells into the earth in hot spots, this 
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Steam can be released. The released steam can be 
used to turn turbines that run generators 

In some places steam and hot water come to 
the surface without drilling. There are deep 
cracks in rock inside the earth through which the 
steam and hot water can move. When they reach 
the surface, the steam and hot water may qush 
Qut of tho ground. This is called a geyser (grzor) 
You can soo one geyser, Old Faithful, in tho pic 
ture on the left. 

The geothermal power plant in the picture is 
the largest in the world. This plant, called The 
Geysers, is located in California, Ir supplies 
enough electricity to run a large city, There are 
Plans to expand The Geysers, 

quere are problems with geothermal energy. 
Many areas of geothermal energy are far trou 
any large towns or cities. Electricity produced in 


these places would have to be carried great dis 
tances. This can he very costly 


Seotncimal power piant 
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. — ENERGY FROM THE WIND — 


How is energy from ihe wind used? 


The wind has boon used as a source of energy 
for more than a thousand years. Wind onergy is 
the energy of moving air. Long ago people used 
windmills to grind wheat into flour, Today wind- 
mills are being used to make electricity. 


Odd wincmlt usoa for grinding wheat 

Modern windmills look different from the wind- 
mills of long ago. However, they work in much 
the same way. The wind turns blades at the top of 
the windmill, The blades are connected to a gen- 
erator that produces electricity. This device is of- 
ten called a wind turbine, 

Tho high cost of other sources of energy has 
made windmills popular in some places. But there. 
are problems with wind energy. One problem is 
that there are not many places whore thé wind 
blows strong and steady. Another problem is the 
high cost of building and fixing windmills, So 
energy from the wind is not likely to do much to 
help the world’s future energy needs 


Modern wind turbine 


Materials nylon thread. 20 cm long / Ping-Pong 
ball / transparent tape / colored marking pen / 
protractor / cardboard strip, 10cm x2 cm 


Procedure. 
A. Tape one end of a piece of nylon thread to a 
Ping-Pong ball. Use a marking pen to color the 
thread so it wil oo easier to see. Tape the free end 
of the thread to the center of a protractor os 
shown. Then tape o cardboard strip to one side of 
the protractor This will serve as c handle. You have 
now made a device to measure wind speed 


B. Take your device outdoors. Hold tne protractor 
so thoi the flot edge Is level with the ground, os in 
the bottom picture. When the wind blows the ball 
the thread will ine uo with marks on the protractor. 
Record the number of the highest mark that the 
thread reaches. Use fne table below to find aut 
what this number equals in wind speed. 
4, What is the wind speed? 


€. Take wind speed readings several times a day 
for4 fo 5 days, Record vour findings. 
2. Whattis the highest speed recorded? 


D. For a wind turbine to produce alectricity, wind 
speed must be 13 km/h or over. 
3. What was the average speed of the wind? 


Conclusion. 
4. is there enough wind to make electricity where 
you live? 

2, What effect would the steadiness of wind spood 
have on the ablily of a wind turbine to produce 
electricity? 


| 
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— ENERGY FROM LIVING THINGS — 
How Is energy from living things used? 
T 

You have learned that millions of years must 
pass before the remains of living things become 
fossil fuels. Today sciontists are looking for ways 
of changing plant and animal matter diroctly into 
energy. Plant and animal matter is called biomass 
(br'ó mas) Biomass can be used to produce 
energy. The process of changing biomass into us- 
able energy is called bioconversion (bi o ken- 
vér'zhon). 8 

A campfire is an example of bioconversion, 
Wood is the biomass that is changed to produce 
energy. In recent years many people in the 
United States have bought wood-burning stoves. 
They uso them to heat their homes. People save 
money hy using wood as a fuel, since oil and natu- 
tal gas are so costly. What could happen ifa great. 
many people use wood-burning stoves? 


Wooceburring stove usod to heat home. 


There is biomass in the trash that people throw 
away. In the United States, the average person® 
produces more than 1 kg of trash each day. Much 
of it can be burned to make heat. This heat can be 
used to change water to steam. The steam can 
run generators, Bioconversion of trash helps in 
wo ways. It produces useful energy from low- 
cost fuel. And it gets rid of unwanted materials. 
The picture on the left shows trash that will be 
burned to produce electricity. 

Trash containing dead plant and animal matter 
can be used to make energy in yet another way. 
By using tiny living things called bacteria (bak 
tire o), trash can be changed to fuel. The bacteria 
use the biomass in trash as a source of food. In 
the process, they produce a fuol called methane 
(meth'an) gas. Methane gas can be burned for 
heat energy. 

‘There is another way plants can be used for 
energy. The girl in the picture is filling the car's 


Gaso^ci-a gasoline-ond alcohol mixtuie 


tank with a gasoline-and-alcohol mixture, Alcohol 
is added to gasoline to help stretch the supply of 
this fuel. The alcohol comes, from a process in 
which corn and yeast (yest) are mixed, Yeasts are 
tiny nongreen plants. Thay use sugar as food. As 
the yeasts use the sugar that is stored in com, 
they produce alcohol. You can soe that there are 
many ways in which living things and the remains 
of living things help supply energy. 


17 IDEAS TO REMEMBER 


> A fossil fuel is a fuel that forms from the ro- 
mains of dead plants and animals. 

» Fission and fusion are processes used to re- 
loasé the nuclear energy of atoms, 

» Solar energy can be used to heat buildings 
and produce electricity, 

» Moving water can be used to produce elec- 

* strical energy in hydroelectric and tidal 
Power plants. 

> Geothermal energy is energy from natural 
heat trapped beneath the earth's surface. 

> Modern windmills use the energy of the 
wind to produce electricity, 

» Plant and animal matter can be changed 


into useful forms of energy through biocon- 
version. 


A person who studies the proper- 
ties of matter is called a chemist 
‘There are many different kinds of 
chemists. Food chemists test foods 
for quality and also make chemicals 
that help keep foods from spoiling. 
Other chemists invent new materi- 
als. Much ef the clothing sold today 
is made from new materials devol- 
oped by chemists. 

‘Today many people see the value 
of using solar energy. Architects 
(ür'ke tekts) who specialize in do- 
signing buildings that uso solar 


Science in Careers ] 


onorgy are much in demand, These 
architects plan additions to older - 
buildings so that solar energy can be 
used. They also plan new homos 
and factories that make use of de- 
vices such as solar collectors. 


The electrical energy noodad to 
run telephones is carried by large 
cables. Telephone cable workers 
put these cables in place. When the 
Gables break, as can happen during 
a storm, the cable worker repairs 
them: Cable workers must under- 
sténd how electricity works. — 


'ercy Julian (1899-1 975) 

Dr. Julian spent his life studying 
uses for chemicals: taken from the 

'ybean plant. In 1935 ho discov- 
ered a chemical that cures a disease 
which causes bli 


E n all, Dr. Julian owned more than 
| 1.000 patents. These patents in: 
| gluded one for a fire-fighting chem- 
ical that saved many lives during 
World Warr. 
oy 


$ Dr Jullan in his chemistry laboratory 
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Discovering 
the Earth 
and Universe 


The earth changes in many ways. A ball game 
is rained out because of changes in the earth's at- 
mosphere, The falling water of Niagara Fails cuts 
into rock below it. This changes the shape of tho 
rock. People also change the earth. Sometimes 
these changes are harmful. Which picture shows 
a harmful change brought about by people? What 
has been changed? Even the many stars that are 
part of our universe undergo changes. 

In this unit you will learn some of the reasons 
for changes in the weather. You will also learn 
about the natural forces that change the shape of 
the land. And you will see how pooplo can avoid 
making harmful changes in the world. Finally you 
will explore the universe. You will learn how the 
stars and other bodies in space change. 
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Have you ever seen a place that looked like 
this? What caused the rocks to be shaped in these. 
ways? This place is Bryce Canyon in Utah. The 
rocks in Bryce Canyon were shaped by the move- 
‘ment of water over millions of years. 

The land that covers the earth has changed its 
shape many times curing the history of the earth. 
The force of moving water, ice, and air have 
caused these changes. In this chapter you will 
learn how the earth is worn away in some places. 
You will also learn how it is built up in other 
places. You will see how water, ice, and wind 
move materials from place to place. 
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—— WEATHERING CHANGES——— 
THE LAND 


How does physical weathering occur? 


If you view the earth while flying in a plane, 
you can see many features of its surface. You may 
see high mountains and rolling hills, You may see 
flat land, valleys, and cliffs. The surface of the 
earth is always changing. It is changed by natural 
processes. In time, flat land may become a moun: 
tain rango. Hills and mountains may slowly be 
wom down. The land is worn down by weath- 
ering, Weathering is all the processes that break 
rock into smaller pieces. The processes of weath- 
ering can be put into two groups: 


One kind of weathering is called physical 
weathering, Physical weathering is all the pro- 
cesses that break apart roĉk without changing its 
chemical makeup. This weathering causes rock to 
change its size and shape. The rock is broken into 
smaller pieces. But the pieces have the same 
makeup as the rock they came from. The only 
change they have gone through is a physical one. 

Tho effect that the freezing and melting of wa: 
ter has on rock is a typo of physical weathering, 
In some mountain regions the daytime temper- 
atures are above the freezing point of water. Wa- 
ter seeps into cracks in rock. At night, temper- 
atures drop below the freezing point. So the 
water turns to ice. 

When water freezes, it expgnds. As the water 
in a,crack expands, it pushes with great force 


against both sides of the crack. This causes the 
crack to become larger. The daily freezing and 
melting of water causes large rocks to break up 
into smaller pieces. This kind of physical weath- 
‘ering is called frost action. 


JE you live in a place where it gets cold enough, 
you may see the result of frost action. During the 
Winter large cracks can form in sidewalks. Many 
cracks and holes, such as the pothole on the left, 
also form in roads. These aro caused by the froez- 
ing and melting of water. 

Plants can also cause rocks to crack and break 
apart. Small planis and trees can grow in soil 
found in the cracks of rocks. As they grow, the 
planis push against tho sides of the cracks, They 
causo the cracks to get larger. In time they split 
the rocks. The tree trunk on the left has split the 
large rock. E 

Jf you look carefully in your neighborhood, you 
may seo places where plants have split some 
rocks and sidewalks, There may also be places, 
such as the one shown in the picture below, where 


tree roots have lifted up parts of the sidewalk. 


Finding 


. out 
How does the freezing and melting of water weather 
TOcks? Wash out an empty milk carton. Open the top. 
of the carton and fl it with water. Be sure the carton is 
completely filed, Close the top of the carton and tape 
it shut with a piece of mosking tape. Place the carton in 
a fieezerovernight 

The nex day remove fna carton from the freezer. De- 
scribe what you soo. What has happened? What co 
you think caused it? How could this process weather 
rocks? 


Physical weathering can also be seen along an 
Ocean shore. Large waves pound rocks at the 
shoré. When waves crash against rocky cliffs, 


such as those on the right, cracks can form. After 

a while, rocks may break away and fall into the 
ocean. The rocks may be lifted and dropped many 
times by the waves. As they are moved, the rocks 
strike other rocks. In time the rocks may be 
ground into small stones and pehbles, Waves may 
throw the stones and pebbles back against the 
cliffs. This helps to weather the rocks and cliffs 
even more. 

Have you ever picked up smooth stones from a 
beach? This is another example of physical 
‘weathering by ocoan waves. Many of the rocks 
‘weathered by waves are smooth and round. 

Wind can also weather rocks. Wind can blow 
‘small pieces of sand against rocks. This can polish. 
and smooth the rocks. But the wind alone does 
not weather rocks very much. 
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-ANOTHER KIND OF WEATHERING- 


How does chemical weathering occur? 


Rock is also broken apart by chemical weath- 
ering. Chemical weathering is all the processes 
that break apart rock by changing its chemical 
makeup. 

In some places there are large amounts of lime- 
stone and water in the ground. Chemical weath- 
ering is common in such places. As rain falls 
through air, it mixes with carbon dioxide gas in 
the air. Somo of this gas dissolves in the rain- 
water. This changes the rainwater into carbonic 
(kar bon'ik) acid. This weak acid drains through 
rock and soil. When it reaches the limestone in 
the ground, it seeps into cracks in the limestone. 
As it dogs, the acid dissolves some of the limo- 
stone. This makes the cracks grow larger. 

Over thousands of years the dissolving of lime- 
stone can form a system of tunnels under the 
ground. Large caves are often part of these tun 
nel systems. The picture below shows one of the 

gest caves that was formed in this way. 


How Imestone cevas form 
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Chemical weathering also breaks up rocks that 
contain iron. Rainwater contains oxygen from the 
air. Tho oxygen is dissolved in the water. Iron in 
rocks joins with the oxygén in rainwater. Iron 
oxide, or rust, is the new substance that forms 
Tron oxide is soft and easily breaks off rock, When 
it breaks off, even more of the rock’s surface can 
be changed by falling rain. The red-orange color 
in the rock on the right is caused by iron oxide. 

Mosses and other tiny plants, called lichens 
(ü'kenz), also weather rock by chemical action 
‘These plants grow on rock and send out rootlike 
parts. The rootlike parts grow into tiny openings 
in the rock. They produce acids that dissolve 
some of the rock. 


Lichens on rock 


Both physical and chemical weathering cause 
rock to break down. Chemical weathering hap- 
pens ata fast rate in places that are wet and fairly 
warm. Physical weathering is greatest in wet 
Places that’ are cooler. Dry placos show little 
Weathering effects, except for those caused by 
wind. Both kinds of weathering result in the form- 
ing of soil. Pieces of weathered rock mix with re. 
mains of living things. This forms soil. 


Rock contelning ron oxide 


— WATER CHANGES THE LAND — 


How does water change the lana? 


Most weathered materials are carried to other 
places. The movement of weathered rock and soil 
from one place to another is called erosion 
G zo'zhon). Water, ice, and wind are called tho 
agents of erosion. This is because moving water, 
moving ice, and moving air carry away weathered 
materials, A 

The most important agent of erosion is water. 
The force behind water erosion is gravity. Gravity 
causes water to run downhill. The steeper the 
hill, the faster the water will flow down it. The 
faster the water flows, the greater the rate of oro- 
sion. The amount of water also affects the rate of 
erosion. The more water there is, the more ero- 
sion there will be. 

Erosion may bogin when raindrops hit the soil. 
‘The falling drops break up large lumps of soil. 
Some of the water from rain and melting snow 
flows over the earth's surface, This water is 
called runoff. As runoff moves downhill, it may 
form small streams. Small streams may come to- 
gether to form a larger stream. Several larger 
streams may join to form a river. Rivers flow into 
lakes or oceans. 


As water moves over the surface, it may erode. 
soil and rocks. The amount of material that is 
moved depends partly on thé amount of water. 
‘The speed of the water is an even more important 
factor. Fast-moving water erodes far more mate- 
rial than slower-moving water. If there are no 
plants growing in soil, moving water may erode a 
lot of soil 

The erosion of soil by runoff can be a problem. 
for farmers. The top layers of soil are rich in ma- 
terials that plants need. So it is important for 
farmers to prevent'erosion of this soil. The pic- 
‘ture below shows one way this is dono. There is a 
lot of erosion in hilly places. So farmers plant 
rows of crops around the sides of hills. The rows 
follow the curve of the land. When it rains, the 
rows hold the water and soil in place. 


Another way to prevent soil erosion on hills is to 
build terraces. Terracos, such as those on the left, 
are flat areas cut into a hillside. They, t00, keep 
water and soil from weshing down tho hillside 
Soil erosion can also be reduced by not clearing 
the land of all plants. How does this help? 

Soil erosion is not the only effect cf moving wa- 
ter. As water flows in a river, it wears away the 
riverbed. The riverbed is the rock under the river. 
The moving water carries materials that act like 
sandpaper. They grind rock and wear it away. 
‘The weathered materials are then carried by the 
moving water in the river. 

The downward cutting of a riverbed can create 
a deep valley with steep sides. Such a valley is 
called a canyon. The Colorado River has been cut- 
ting the rocks of its riverbed for millions of years 
This has formed the Grand Canyon, which is over. 


1.5 km deep. 


Two views of he Grana Canyon and Colorado River 
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Ocean waves cen erode sand from beaches 
along the shoro. In some places the shorolino may 
lose as much as 380 cubic meters of sand each 
day. The pictures show a lighthouse at the tip of 
Long Island, New York. The picture on the top 
was taken almost 90 years ago. Compare it with 
the recent picture, Notice how much land has 
been eroded by ocean waves. 


You have learned that erosion is greatest in 
fast-moving water. As a river flows downstream, 
the water starts to slow down. This slowing down 
causes the river to drop some sediments (sed’o- 
ments) Sediments aro the materials that are 
dropped by the agents of erosion. Sediments in- 
clude sand, soil, and rocks. The dropping of sedi 
ments by the agents of erosion is called depo- 
sition (dep a zish'an). 


Erosion and deposition are related. Weathered 
materials are picked up and carried from one 
place. They are dropped, or ited, as sedi- 
ment in another place. In this way the land is çon- 
‘Stantly changing. In some places tt is worn down 
by erosion. At the same timo it is built up in other 
places by deposition. 

In the spring, snow on the ground melts and 
there is often a lot of rain. So spring floods are 
common in some places. Flooding can erode valu- 
ablo soil and destroy property. But flooding of riv- 
ers can be helpful because of deposition. 


Spring loo 


The floodwaters that overflow the banks of a 
river carry a lat of neaterial. When these floodwa- 
ters soak into the ground, sediments are depos- 


Rich fermiand depositos by neodvalers 


ited on the land along the river. These sediments 
enrich the soil. So land near rivers is often good. 
farmland, 

Most rivers empty into the ocean. The place 
where a river empties into the ocean is called the 
mouth of the river. The water at the mouth of a 
river moves very slowly. Much of the material 
carried by the river is deposited at the mouth of 

+ the river. The sediments form a fan-shaped land- 
mass called a delta. Deltas are made up of sedi- 
ments of weathered rock 

The delta shown on tha right is at the mouth of 
the Mississippi River, It is the largest delta in the 
United States. The picture was taken from an air- 
Plane, using spocial film. Other large rivers also 
have deltas. 

The fow remaining sediments that are not de- 
posited on the delta are carried out to sea by 
ocean currents. Waves may carry somo of these 
sediments and deposit them back on the shore. 
This forms sand beaches. Sediments may also be 
deposited as sandbars near the shore. 


Mississippi River delta 


What factors affect the rate of erosion by water? 


Materials sand-and-gravel mixture / roctongular 
metal baking pan / metric rulor / 2 books / plastic 
squeeze bottle / clock orwaich with second hand 


Procedure. 
A. Puta sand-anc-grovel mixture Into one halt of @ 
pan. The mixture should be about 3cm deen. 


B. Use a bock ta raise the same end of the pon 
hat contains the mixture. This represents maternal 
onahilsido. 


C. Fila plastic squeeze bottle with water. Begin to 
‘drop water on Ihe mixtura al the rate of one crop. 
avory 3 seconds. 

4. What do you observe? 


D. Increase the rate to two drops every 3 seconds. 
2. Compare the amount of erosion with that in 
step €. 


E. Put another book under the some end of the 
toy. 
3. What doas this do to the angle of the tray? 
Does it meke the hill more, or less, steep? 


F. Again arep two drops every 3 seconds. Com- 
pare your results with those from step D.. 


Conclusion 

4. What did the water do to the sand-and-gravel 
mixture? 

2, Did Increcsing the rate of water flow affect the 
‘amount of material moved? Explain. 

3. Did increasing the angle of the tray cffect the 
amount of material moved? Explein. 


Using sclance ideas 

How would a slegely stream of running water affect 
the amount of material moved? Wha} body of wa- 
ter would this be like? 


— ICE CHANGES THE LAND — 


How do glaciers change the land? 


In the past, there were long poriods of very cold 
temperatures. Ice and snow built up on the land. 
‘These periods are known as ice ages. During 
these ice ages, the land was covered by large, 
slow-moving masses of ice called glaciers 
(gla’shorz), The movement of glaciers during ice 
ages changed the shape of much of the land. The 
last ice age ended about 10,000 years ago. 

During the last ice age, the temperatures over 
the earth changed from cold to warm and back 
again. This happened several times. During the 
‘cold periods, a lot of snow and ice piled up. and 
the glaciers grew larger. ‘The weight of the snow 
and ice caused the glaciers to move southward. 

As the huge ice sheets moved forward, they 
weathered and eroded the land over which thoy 
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moved. They carried soil, rock, and huge boulders 
great distances, Tho materials carried by glaciers 
scraped and cut the land. This action smoothed, 
polished, and scratched rock. In some places, the 
tops of mountains were weathered and eroded by 
glaciers. This formed rounded hills 


Lakes formed by glacier 
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Rocky material depesiied when alaclor stopped 

During tho warm periods, the southern edge of 
the glaciers melted. As they did, they left behind 
large hilly ridges of rocky materials, These hilly 
ridges cen be seen today in the northern United 
States and in Canada, They mark the places 
where glaciers stopped. The picture above shows 
‘one of the ridges made of rocks deposited by a 
glacier 

In some places, glaciers dug out large amounts 
of rock and soil. Many of these dug-out areas 
filled in with water when the glaciers melted. 
These places became lakes. The lake regions of 
Wisconsin and Minnesota contain examples of 
this. The picture on the left shows a chain of 
small lakes that were formed by a glacier, Some 
large lakes were*also formed. Glaciers helped 
form the Great Lakes. 


In some places glaciers exist today, Ice sheets, 
much like the glaciers of the ice ages, are found in 
Greenland and the South Pole region. Smaller 
mountain glaciers are found in high mountains, 
such as the Alps and the Rocky Mountains. 
Mountain glaciers are sometimos called rivers of 
ice. Why is this a good name? 

Mountain glaciers scpop out material from val- 
loys. This widens the valleys and gives thom a U 
shape. The drawing shows a cusaway view of a U- 
shaped valley formed by a mountain glacier. 

Glaciers of past ice ages have had a great effect 
‘on changing the shape of the land. The amount of 
erosion done by today’s glaciers is limited. But 
some scientists believe that ice sheets will return 
someday and spread across the earth, If this hap- 
pens, glaciers will reshape the land once again. 


Mountain glacier 


U-shaped volley lomed by glacier 
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How does a glacier change the land? 


Materials. sond-and-gravel mixture / small poper 
cup / metlo ruler / freezer / metal baking pan / 
modeling clay 


Procedure 
A. Place about 2 em of a sand-and-grevel mixture 
ina paper cup. 


B. Fill he cup with water and stir the misture. Place 
the cup in a freezer. Allow the mixture to freeze 
‘overnight. 


€. Line the bottom at a baking pan with a layer of 
modeling clay about 1 cm thick. Put a layer of 
sane-and-gravel mixture over the clay. This layer 
should also bo about 1 cm thick. 


D. The next day, remove the papar cup from the 
freezer, Pegl the paper cup away from the ice. Ex 
‘amine the ice mixture, This represents c glacier. 


E. Place the ice mixture In the pon. Press down as 
you slowly move the ice mixture across the tray. 
4. What happens to tho sand-onc-gravel mix- 
ture? 
2. Wat happens to the cloy? 


Conclusion. 

4. What do the particles frozen in the ice repre- 
sent?) 

2. How do glaciers affect loose rock and soll as 
they meve over them? 

3. How do glaciers affect layers of smooth, soft 
rock? Which material in the pan showed this ef- 
fec? 


Using science ideas 
Yınat.must harten to cause a glaciar to deposit 
the materialit caries? 


— WIND CHANGES THE LAND — 


How does wind change the land? 
Like water and ico, wind carries materials from 
one place to another. When the wind blows, it 
lifts and carries small dry particles. Most cf the 
particles carried by wind are sand, soil, and dust. 
When these particles are blown against rock 
they can cause physical weathering of the rock. 
As wind blows sand from one place to ancther, 
the speed of the wind may be slowed by rocks or 
plants. When the wind slows, it deposits the sand 
it carries. This causes the sand to pile up. The de- 
position of wind-carried sand causes piles of sand, 
called sand dunes, to form. Some sand dunes 
may be as much as 50 m high. Sand dunes have 
many shapes. The forming of sand dunes is an- 
othey way the earth is changed by building up. 


song dunes 
In some places in the desert, wind blows away 
all looso sand. Only coprse pebbles and other 
small rocks are left behind. Such areas are known 
as desert pavement. The picture on the right 
shows desort pavement. Once desert pavement 
forms, almost no wind erosion will occur. Why? 


eror pavement 


Indiana Dunes, Indiano 


Sometimes wind erosion can affect a large re- 
sion. During the 1930s there were several years ' 
of drought (drout) in the Great Plains of the | 
United States. A drought is a long period without 
rain. Many kinds of plants died, and the land bo- 
came bare. Strong winds eroded the loose dry 
topsoil. The land affected by this drought and ero- 
sion became known as the Dust Bowl. It was 
named this because of the many dust storms that 
occurred. Some dust storms were so bad that 
they blocked out all the sunlight during the day. 
There are ways for farmers to help prevent 
wind erosion. One way is to plant rows of trees or 
bushes. These plants act like fences or walls 


Dus! storm during 1930s 
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Wincbreok 
‘They block the force of the wind. Something that 
blocks the force of the wind is called a wind- 
break. Whore fields are not being used, farmers 
can plant ground cover. Ground cover are plants 
that hold soil in place and prevent erosion. 


Tea IDEAS TO REMEMBER — 


> Weathering is all the processes that break 

+ ‚rock into smaller pieces, 

> Physical weathering is all the processes 
that break apart rock without changing its 
chemical makeup. 

> Chemical weathering is all the processes 
that break apart rock by changing its 
chemical makeup. 

> Erosion is the movement of weathered rock 
and soil from one place to another. 

> Tho agents of erosion are moving water, 
moving ice, and wind 

> Deposition is the dropping of sediments by 

the agents of erosion. 


Hilly ridge 
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Cleaning Up 
the Earth 


Imagine that you are living 100 years ago. 
Would you have seen what is shown in the pic- 
ture? The air today is not as clean as it was 100 
years ago. This is an industrial age. Thousands of 
factories have been built during the past 100 
years. In many areas, highways have become 
crowded with cars and trucks 

Each year huge amounts of wastes pour into 
the air, water, and soil. In this chapter you will 
learn about the sources of these wastes. You will 
learn about how the wastes affect the alt, water, 
and land, You will also learn about what is being 
one to control these wastes. 
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—— NATURAL RESOURCES —— 


Why is there a shortage of some resources? 


Look around at the things you use. You use pa- 
per, pencils, and books. You walk on the land, 
drink the water, and breathe the air. All these 
things are natural resources or come from natural 
resources. A natural resource is a useful material 
found in or on the earth, The paper, pencils, and 
Books you use come from trees. Trees are natural 
resources found on the earth. So are all other 
plants. Air, water, and land are also valable nat- 
ural resources. Can you name other natural re- 
sources? 


Uses OF TREES 


baseball bats 


Some resources can be replaced after they are 
used. For examplo, as trees are cut down for 
wood, new trees can be planted. A tree is a re- 
newable (ri nü'e bal) resource. A renewable re 
source is one that can be replaced after it is used 
Air, water, and land are also renewable re- 
sources. 

Since some resources can be renewed, there 
should be no shortages. There should be a large 
enough supply for everyone. But the supply has 
| become smaller because of pollution (po lü'shan). 
| Pollution is the presence of waste or other un 

wanted materials in a resource. The substances 

that cause pollution are-called pollutants (pe- 
| lu'tents), Pollution of air, water, and land has re 
duced the useful supply of these resources. 


Planting Ire seedings 
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What causes air pollution? 


Pure air is made up of nitrogen, oxygen, and 
other harmless gases. The graph below shows the 
gases in air. The air you breathe often contains 
unwanted substances. When these substances 
are added to pure air, air pollution results. Most 
pollutants in air come from cars, trucks, homes, 
factories, and power plants. Some come from 
burning leaves and garbage. Some pollutants in 
nature are fumes and smoke from forest fires and 
volcanoos. 


THE PARIS OF AR 


argon (094%) 


nitrogen 785%) 


— gmat amounts 
aher gases 


Cars, trucks, homes, and factories burn fossil 
fuels for energy. Fossil fuels include coal, oil, and 
gas. Over the past 100 years, tho use of fossil 
fuels bas increased. Millions of cars and trucks 


are now on the roads. There are also many more 
factories. As a result, more fossil fuels are burned 
and more waste products aro given off into the 
air. : . 

Carbon dioxide and carbon monoxide (kar’ban 
mon oksid) are examples of waste products given 


off by burning fuels. Smoke carries soot, ash, and 
dust into the air. These light particles may float in 
the air for a long time. Winds can carry thom to 
regions far from the source of pollution. 


Coakburning power plant 


In parts of tho United States and Canada, there 
is much concern over a special kind of pollution. 
The major cause of this pollution is the burning of 
fossil fuels. Volcanoes and forest fires also add to. 

>this kind of pollution. When fuels burn and vol- 
Canoes erupt, chemical wastes enter the air. Wa- 
ter vapor in the air combines with theso chem. 
icals to form weak acids in the air. These weak 
acids fall to the ground as snow or rain. They are 
called acid rain. 

Acid rain falls on the land and into lakes and 
streams. When it reaches lakes and streams, it in- 
creases tho amount of acid in the water. This 
change kills fish and other living things. Acid rain 
also breaks down minerals in the soil. The break- 
down of minerals robs plants of important mato- 
tials for growth. So some plants cannot live where 
there is acid rain. 


Now York Cy in smog. 
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Acid rain even damages buildings, water sys: 
tems, and statues. Scientists know the causes of 
acid rain. They must find a way to stop acid rain 
from forming, 

‘Another kind of pollution occurs in towns end 
cities that have many factories, cars, and trucks. 
This pollution is called smog. Most smog is a mix- 
ture of smoke and fog. Smog occurs when calm, 
moist air near the ground is trapped and does not 
move away. The air remains in the area for sev- 
oral days. The longer the air stays in one place, 
the worse the pollution becomes. In the pictures 
below, you can see the effects of smog, Smog can 
he harmful. It can even cause death. In certain 
cities, smog is not as common as it once was: 
‘These cities have tried to control air pollution. 

‘Today, people are aware that air pollution is a 
big problem. There are many ways that pollution 
can be controlled. Since cars and trucks cause 


NewYork City on a clear day 


much of the pollution, people can walk, ride bicy- 
cles, or take trains and buses. They can join car 
pools to get to school or wouk, In this way, fewer 
cars and trucks will be on the roads 


Using trans and buses 
Today now cars must have devices that trap or 


burn up harmful gases in car exhaust, Most new 
cars are built so that they burn only unleaded 
gasoline. Burning gasoline that has lead in it 
causes harmful substances to be releasod. The 


picture shows the testing of car exhaust. 

Factories are required to use special devices in 
choir smokestacks. These devices use an elec- 
wical charge to attract particles from smoke, 
They also remove harmful waste gase: 

An important law, the Clean Air Act, was 
passed in 1970. This law limits the amount of pol 
Jution allowed in the air. When the amount gets 
too high, factories are ordered to stop burning 
certain fuels. When pollution is reduced to a safe 
level, the factories can begin burning these fuols 
again. Tho picture shows a machine that vests for 
air pollutants. 


Materiais large empty coffee can / 1m of wire / 
scissors / white paper / glue / petroleum jelly / 
hand lens 


Procedure 
A, Wrap a piece of wire once around an empty 
coffee can. Twist the wire cs shown. With the free 
end. forma handle. 


B. Cut out a round plece of white poper a litle 
smaller than the bottom of the can. Give the po- 
parto the inside bottom of the con. 


C. Spread petroleum jelly over the paper. 
4. Why do you think you need to spread petro- 
leur jelly on the paper? 


D. Hang the can outdoors In an open area. A 
good place would bo on a clothesline or a fence. 


E, After 1 or 2 weeks, toke the can indoors, Re- 
move the paper circle from the can. Examine the 
paper with a hand lens. 

2. Did you find anything on the jelly-covered pa- 
per? itso, craw what you found. 

3. Compare. your findings with those of your 
classmates. Was there any difference? Make 
list of what you found and whet the others 
found, 


Conch 
Are there solid parficies in the air you breathe? It 
so, where might they come from? 


Using science ideas 
Suppose you want to find the difference between 
pollution in the city and pollution in the country. 
Describe an acfivity you might do that would show 
his. 


—— WATER POLLUTION —— — 


What causes water pollution? 


Most of the water on the earth is in the oceans. 
Because of the salt in the oceans, this water can- 
not be used for drinking. It also cannot be used in 
industry or in farming. People must depend on 
fresh water for their needs. Most fresh water 
comes either from under the ground or from 
lakes, rivers, and streams. It is important to take 
caro of the limited supply of water. 


Watering crops 

How much water do you use each day? Some 
studies show that each person in the United 
States uses nearly 400 L a day. Some people have 
guessed that industries in the United States use 
about 10 billion L of water a day. Large amounts 
are also needed to water farmland in certain parts 
of the country. Most of this water comes from 
lakes, rivers, and reservoirs. 

If the freshwater supply is polluted, there is less 
water left for people, farms, and industries. Pol- 
luted water means there is also loss water for fish- 
ing and swimming. 2 


— 


Sewage treatment piont 
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Water can be polluted when sewage (sùʻij) is . 
dumped into it. Sewage contains waste from 
; toilets, and showers. Most sewage comes 
from homes and businesses. Sewage in water can 
cause disease in people who drink the water. 


What other problems are caused by sewage? 

Most cities have sewage-treatment plants that 
remove most of the pollutants. The water must 
pass through several steps. Follow these steps in 
the drawing. 

First, sewage that enters these plants must 
pass through screens. These screens filter and re- 
move large objects. The water then passes to a 
settling tank. Light materials float to the top, 
where they are skimmed off. Heavier materials 
sink and are removed. The water is pumped 
through a filter and then to a second settling 
tank. From there it is treated with the chemical 
chlorine (klor’en). The chlorine kills certain harm- 
ful living things in the water. After the water has 
been treated, it is Feturned to lakes, streams, and 
rivers. 


Water can be polluted by fertilizers and chom- 
ical sprays. Many farmers use chemical fertilizers 
(fer'to li zorz) on their crops. A fertilizer is a sub- 
stance that helps plants grow. Chemical sprays 
are often tsed tò kill-insects and weeds that dam- 
age crops. Chemicals from the fertilizers and 
sprays soak into the soil when it rains, In time wa- 
ter carrying thes chemicals drains into streams 
and rivers, The streams and rivers then empty 
into lakes and oceans. This is how these waters 
become polluted. 

Fertilizers entering the water increase the 
growth of small plants called algae, When the al- 
gae die, they pile up on the bottoms of ponds and 
Jakes. As the dead plants decay, they may use ox- 
ygen from the water. As the oxygen supply de- 
creases, fish and other animals that get oxygen 


from the water may die. This kind of pollution is 
shown in the drawing. 


EFFECT OF FERTILIZER RUNOFF 


Algae coverng water 


Chemicals from insoct and weed sprays can poi- 
son fish and other living things in the water. Tho 
sprays can even affect living things that live near 
the water, This happens through a food chain. 
For example, a small fish may take in the poison 
when it eats small plants, The small fish may be 
eaten by a larger fish. The larger fish may be 
eaten by a large bird. The poisons build up in the 
bird as it eats more fish. In time the bird dies from 
the poison. 


POISON IN THE FOOD CHAN 


Pollution from fertilizers and insect sprays can 
be reduced by using less of these chemicals. 
Sometimes farmers plant shrubs and grasses near 
water. These planta help prevent soil erosion. In 
this way, soil carrying chemicals will not enter 
the water. 


Toning wolersomples 

Induétries can also pollute water. When in- 
dustries make products, they may dump liquid or 
solid wastes into rivers and lakes. Many of these 
wastes poison the water. The poison wastes make 
the water unsafe for drinking and swimming. 

Many industries have built their own waste 
treatment plants. These plants remove harmful 
Substances from water before it enters rivers, 
lakes, or streams. 

Some industries also release hot water into 
streams and lakes. The dumping of heated mate- 
vial into water is called thermal (ther mol) pollu: 
tion. Hot water cannot hold as much oxygen aS 
cold water. With lower amounts of oxygen, Cor- 
tain plants and animals cannot live in the water, 

"There are ways in which industries and power 
plants can stop thermal pollution. Instead of re- 
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‘COOLING TOWER 


Cooling tower. 


Bird rescued from ol! spi 


250 


leasing heated materials into lakes and rivers, the 
heat can he released into the air. For example, 
some nuclear power plants have large cooling 
towers like the one shown. Hot water from the 
power plant is pumped to the cooling tower. In 
the tower, the hot water passes through coiled 
pipes. Cool air is then blown over the pipes. Tho 
air, which is now heated, is released through the 
top of the tower. The cooled water is returned to 
the power plant for reuse. 

In rocont years a new problem has developed. 
This problem is oil spills. Huge ships are used to. 
carry oil across the oceans. Sometimes the tanks 
in these ships leak oil into the ocean. Another 
source of oil spills is offshore drilling for oil. Long 
stretches of beach have been damaged because 
of oil spills from these offshore wells. Fish and 
other wildlife have been killed by oil spills. The 
bird in the picture is being cleaned up after an oil 
spill. The people are tossing straw to stop the 
spread of oil. 


Cleanup efter ol spit 


S5 _ Several yoors ago a disaster 
=; occurred off the coast of 
England. mo merchant ship Tor- 
rey Canyon, carving thousands 
(metic tons of crude oil; 
! cioshed inio some rocks Oll be- 
‘gan to pour outctthe snp, 
ips that were sent to help 
B= the Torrey Canyon dumped h: 
Ea rods of melre tons of dater 


ee 
prc 
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‚ches hod been ruined, 


Thousands oto 
‘Bids, oh, and pianis had elec. 


Does dilution help to reduce water pollution? 


Materials: graduate / 24 plostic soft-drink bote / 
VIG lose pil battle / red or blue food coloring / 
while paper / water / 500. mL beaker 


Procedure 
Votes a graduate to measure 10 mL of water, Pour 
the water into a plastic pill bottle, 

B. Add 1 drop of food coloring to the water in ne. 
Fin poto. Suit the bottle gent to mix the coia 
evenly, Hold c sheer of white paper benina tho pill 
GANG. Obxeve now desp the color of ho water 1 


C. Using a 600- ml beaker, pour 1,009 ml of woter 
Cio a postie soft-chink bottle. (Fil ihe beaker 
twice} 
p. Add 1 drop of tood coloring to the Botte. Swit 
D. Glo 16 mix tne color eveniy. Hold a shoot of 
Mira paper behind the bottle. Observe how deep 
the color of the water is 
a no color of fne water in the sott-ctink bona 
Sant han the colar of the water in the pil 


bottle? 
t: Imagine thot the food coloring s a harafu por 


Elan Imagine that the pill bottle represents o 
II ond end the sofi bottle represents a 


loko, 
Me WII ine pollutant do more hor In the pend. 
orin the lake? Explain your answer: 3 


Conclusion. 
Coot i Ihe difference between the effect of 


dod Shoring in fne pil botte and in the soft-drink 


bote? 
2 Compare the effect of the same amount of Pol- 
futon on born a small and a large body valor 


LAND POLLUTION 


What causes lang pollution? 


Thore are several things that threaten the soll. 
One of the most serious is soil erosion. If soil ero- 
sion is not controlled, valuable land can be lost 
forever. The plants in the picture were planted 
along the road to prevent erosion of the hillside. 
Soil can be polluted by toxic (tok'sik) wastes. 
Toxic wastes are wastes that are poisonous, 
These wastes may bo produced by certain in- 
Gustries and then buried in tho soil, Even toxic 
wastes stored in drums can reach the soll f these 
drums leak. The chemicals can stay in the soil a 
long time. They, can harm or kill living things in 
the soil. They can even soop into water supplies. 
Government and industries are working to 
clean up chemical dump sites. New ways to storo 
and get rid of chemical wastes are being studied. 
The picture below shows workers testing drums 
for leakage. They are helping to prevent further 
Jarid pollution. 


Drums of forte wastes 


on city streets, country roads, and in fields and 
forests, People throw away huge amounts of 
trash. 

Some forms of litter are moro of problem than 
others. Paper, cloth, cardboard, and wood are 
biodegradable (bi o di gr'de bal materials. 
Biodegradable materials are materials Thal de- 
cay, or are broken down by living things when 
naferlals decay, they break down into simpler 
materials, Small organisms in the soil break down 
biodegradable materials as they use them for 
food. These materials become part of the soil. 

‘pur not all materials are biodegradable. Plastic 
and aluminum are not broken down DY living 
Things. Materials that are not broken down byliv- 
ing things are nonbiodegradable (non bi 0 di- 
gra'da bel) materials. Those ‘materials litter the 
land long after they have been thrown away- 


One of the ugliest kinds of pollution is iter. IE « 


Finding 
out 
Winich materials are biodegradable? Collect several 
Ve fat right bo thrown out. You might got core 
items ne gal Bor. on aluminum con, and table aiani: 
BOO aise need a shallow pon enc enough soitto f, 
sou eco a tniniayer af solin the pan Ten ploce Mi 


the items you collected 
tween auch item. Cover 


eeudter. Place no pan outdoors for a week, Take the 
Won Inside ond dig out the tams you covered. Hog 


Over this layar, Leave space be- 
with more soll. Moisten the soil 


Sny changed? Have any stayed the some? 
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Laws have been passed in many areas to help 
Stop litter. Most states fine people who are 
caught littering. Some states have even stopped. 
the sale of throw-away bottlts. 

Pollution of air, water, and land is a problem 
that affects all people. Everyone must use the air, 
water, and land. Everyone can help to clean up. 
‘the earth. 


IDEAS TO REMEMBER 


> A renewable resource is one that can be re- 
placed after it is used. 

» Pollution is the presence of waste or other 
unwanted materials in a resource. 

> The major cause of air pollution is the burn- 
ing of fossil fuels by cars, trucks, homes, 
and factories, 

> Air pollution can be controlled by the use 
of unleaded gas and antipollution devices 

|, _ on cars and smokestacks. 

> Acid rain is rain with weak acids dissolved 
in it. It can harm or kill plants and animals 
in streams, lakes, and rivers, 

> The major causes of water pollution are the 
dumping of sewage, chemicals, and heated 
material into water. 

» The major causes of land pollution are care: 
less dumping of litter, sewage, and harmful 
chemicals. 

> Laws are helping to control pollution of air, 

water, and land. 


SCIENCE WORDS 


A. Write the letter of the term that best matches the defini- 
tion, Not all the terms will be used. 


1. Mixture of smoke and fog a. nonbiodegrad- 
2. Able to decay or break down able 
3. Substance that improves the b. thermal pollu- E 
growth of plants tion 
4, Poisonous c. natural re- | 
5. Substances that cause pollu- source | 
tion renewable A 
6. Wastes from sinks, toilets, and sewage | 
showers A . pollution. | 
7. Dumping hot substances into smog d 
water toxic | 
8. Presence of waste or other un- pollutants | 
wanted materials in a resource fertilizer | 
Useful material found in or on biodegradable | 
the earth carbon dioxide | 
10. Resource that can be replaced | 
asitis used | 


B. Identify each of the following. a 


1. It could be plastic. It could be aluminum. Tt dogs not 
decay. Whatis it? v 

2. It can take the nose off a statue. It can kill the fish ina 

lako. It can travel great distances. It falls from clouds. 

What is it? B 


People often talk about the condition of the at- 
mosphere in a place. You may talk about it every 
day. This popular topic is the weather. What is 
the weather like in the picture? 

‘When people talk about weather, thoy usually 
discuss the changing conditions of the atmo- 
sphoro. The atmosphere is the layer of air that 
surrounds tho earth. In just a few hours the 
weather in the picture may be very different. 
"This is because conditions in the atmosphere can 
change rapidly. 

In this chapter you will learn what causes 
weather and why weather changes. You will also 
learn about some unusual kinds of weather. 
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HOW WEATHER BEGINS 


What causes uneven heating of the atmosphere? 


How does weather begin? It begins with energy 
from the sun. You have learned that energy from 
the sun is called solar energy. It. is this energy. 
that causes weather. 

What happens to the sun's energy as it enters 
the atmosphere? Some of it is reflected, or 
bounced back, into space by clouds, dust, and air 
particles. A small amount is absorbed, or taken in, 
by the atmosphere. Absorbed solar energy- 
changes to heat energy. So only a small amount of 
the atmosphere is heated directly by the sun. 

About half of the sun's energy that enters the 
atmosphere passes through the air and strikes the 
earth's surface. Some of this energy is absorbed 
and changed to heat. This warms the earth’s sur- 
face. Heat from the earth's surface then warms 
the air above it. You can see that the atmosphere 
gets most of its energy secondhand. 


9s 


WHAT HAPPENS TO SOLAR ENERGY 


Weather is caused by the uneven heating of the 
atmosphere. The air is heated unevenly because 
the earth's surface is heated unevenly. Why does 
this happen? There are several reasons. One rea- 
Son is due to the round shape of the earth. It 
causes different parts of the earth to receive dif- 
ferent amounts of solar energy. 

Look at the drawing. The rays of the sun strike. 
the equator directly. When the sun's rays strike 
the earth directly, the earth's surface is heated 
the most. Look at the areas north and south of the 
‘equator. In these places the sun's rays strike the 
earth's surface at a slant. When tho rays strike 
the surface at a slant, the surface is heated less. 

You can see why the earth is heated more at 
‘the equator than at the poles. Where would the 
atmosphere be colder, over the poles or over the 
equator? Why? anns staca 


Another reason that the earth’s surface is e 
heated unevenly can be seem in pictures taken 
from a plane. Such pictures show places covered 
by white snow and dark soil. They show green 
fields and forests, blue water, and rod deserts. 
These different-colored surfaces absorb different 
amounts of energy from the sun. The amount of 
solar energy that they reflect is also different. 


Light-colored surfaces reflect much of the sun's 
energy that strikes them. Dark-colored surfacos, 
absorb much of the sun's energy that strikes 
them. Which gets warmer, a light-colored surface 
ora dark-colored surface? What color clothing is 
best to wear on a hot summer day? Why? 

“The more solar energy a surface absorbs, the 
more the surface warms the air above it. Do you 
think that snow reflects, or absorbs, most of the 
solar energy that strikes it? Would dark soil ab- 
sorb, or reflect, more solar energy? Would tho air 
above dark soil be warmed more, or less, than the 
air above snow? You can see that differences in 
tho color of the garth’s surface cause uneven 
heating of the earth's atmosphere. 


‘There is another factor that causes tho earth's 
surface to heat unevenly. About three-fourths of 
the earth is covered by water. Water and land 
areas absorb solar energy at different rates. 

Land and water heat up at different rates. Dur- 
ing the day, the sun shines and the land heats up 


faster than the water. So the air over the land be- 
‘comes warmer than the air over the water. While 
the land heats up faster than the water, it also 
loses heat faster. At night, when there is no sun- 
light, the warm land cools quickly. So the air over 
the land becomes cooler. The water holds heat 
and stays warm at night. What would the air over 
the water be like at night? 

Very little heat from the earth's surface and at- 
mosphere escapes into space. This is because 
clouds, dust, and air particles trap the heat. This 
is an example of the greenhouse effect, In Chap- 
ter 8 you learned how the greenhouse effect can 
bo used to heat buildings. On a large scale, the 
greenhouse effect keeps the earth warm. 


How do materials differ in the way they heat 
+ and cool? 


Materials 6 paper cups / scissors / dark-colored 
soll /light-colored sand / 3 thermometers / lamp. 


Procedure 
A. Cut the tops off three paper cups so that the re- 
maining part is about 4 cm deep, Fill each cup 
with one of the following materials: dark-colored 
soll. light-colored sand, and water. 


B. Place the cups together as shown. Put a ther- 
momeler into each cup. The bulb of the ther 
mometer should be covered by about 05 cm of 
sand, soil, or water. Rest the top of each ther 
Temp | Tere | mometer on a paper cup that hos been tumed 
‘Starting |Smin oF [smin of| upside down. 


Mararial | temp. [heating | coding | c. Copy this chan, Record the starting temper- 


EE ature in each cup. 
4. Do you think the material will neat ot differ 

Sand eni rates? Explain your answer. 
eves D. Place a lamp so ils light bulb is about 15 cm 


rem the tops of the cups, Turn on the lamp. After 5. 
minutes read and record the temperature in each 
cup. 
2. Wihich material was heated the most? Which 
was hoated the least? 
3. If vou tum off the lamp, do you think the ma- 
tericls will cool ot different rates? Explain your 


E. Tum off the lamp. After § minutes read and re- 
Cord the temperature in ecch cup. 
4. Which material cooled the least? The most? 


Conclusion. 
How does thisecctvity help explain the uneven 
heating of the eorth? 


——AIR PRESSURE AND WINDS — 


What causes winds? 

Air is made up of particles of matter. Like all 
matter, air has mass. The mass of the atmosphere 
above the earth pushes down on the surface. This 
causes air prossure. The pressure of air changes 
from day to day and from place to place. Tho tem- 
perature of the air affects the pressure of the air. 

When air is heated, it expands. This means that 
the particles in air move farther apart. When this 
happens, the air becomes less denso, So there are 
fewer air particles over a certain part of the 
earth's surface. This lowers the air pressure in 
that place. 


Before heting (higher pressuroy ‘lor heating dower pressure) 
Usually when temperature increases, air pres- 
sure decreases. Think about equal volumes of 
warm air and cold air. Would the cold air have 
, higher, or lower, air pressure than the warm air? 


air pressure. The more water vapor there is in air, 
the lower the air pressure. This may seom 
strange to you. But keep in mind that water vapor 
is a gas. Water vapor is less denso than air, So 1 L 
of water vapor has less mass than 1 L of air. Usu- 
ally the more water vapor in air, the lower the air 
pressure. 


Differences in air pressure cause air to movo, 
This movement of air is wind. Winds may be 
gendo breezes, or they may be strong gusts. The 
greater the difference in air pressure from one 
place to another, the greater the strength of tho 
wind. Small differences in air pressure bring 
gentle breezes. Air always moves from regions of 
high pressure, called highs, to regions of low pres- 
sure, called lows. 

There are different groups of winds. Some 
winds are local winds. Local winds are caused by 
local differences in pressure. For example, there 
are differences in air pressure over land and wa- 
ter. These differences cause winds to change di- 
rection along coastal regions. 

During the day the air over the land is heated 
more than the air over the water. So the pressure. 
of the air over the tand is lower. The cooler, high- 
Pressure air over the water blows toward the 


The amount of water in the air also affects the € 


land. It moves under the warm, low-pressure air 
‘and pushes it up, This movement of air from wa- 
ter to land is called a sea breeze. On a summer 
day at tho beach, you can often feel cool breezes 
blowing from the sea to the land. 


At night the air over the land becomes cooler 
than thelair over the water. So the pressure of the 


air over the land is higher. This air blows toward 
the water. It pushes up the warm, low-pressure 
air over the water. This movement of air from 
land to water is called a land breeze. 


Sea and land breezes are local winds. But the 
earth has large regions of high and low pressure. 
Air moves from the high-pressure regions to the 
low-pressure regions, This movement of air, along 
with the rotation of the earth, creates wind belts, 
shown in the drawing. These wind belts, which 
circle the earth, are called global winds. Global 
winds are another group of winds. 


‘GLOBAL WIND BELTS 


The global winds in each belt blow steadily in 
the direction shown by the arrows. The winds are 
named for the direction from which they come. 
Most of the United States lies within a global 
wind belt called tho westerlies. Because of the di- 
tection in which these global winds blow, much of 
the weather in th United States moves from 
‘west to east across the country. 


AIR MASSES AND WEATHER — 


What are the four kinds of air masses? 


Have you over noticed how hot and humid it 
can be on a summer day? Then, the very next 
day, the air is cool and dry. This type of change in 
the weather is causod by the movement of air 
masses. An air mass isa large body of air that has 
about the same temperature and moisture 
throughout, When air stays over a region of the 
earth for a long time, the air takes on the proper- 
tles of that region 

There are four basic kinds of air masses. Air 
masses are named for their tomperature and for 
the amount of moisture they contain. The kind of 
air mass that forms depends on where it forms, 
Cold, wet air masses form over cold ocean waters 
Cold, dry air masses form over cold land areas 


hear thre poles. These regions are usually covered 
by snow and ice. 


(Warm, wet air masses form over oceans near 
the equator/Where do warm, dry air masses 
form? What kind of air mass would form in each 


place shown on page 269 and this page? 


The map shows the six major areas whore air 
masses that affect North America form. It shows 
the kind of air mass that forms over each area and 
the path it often follows. During winter a cold, dry 
air mass will bring clear but very cold weather. In 
summer a warm, wet air mass will mean hot, hu- 
mid weather. How long any kind of weather re- 
mains in an area depends on how fast an air mass 
is moving. 


WHEN AIR MASSES MEET 


How do cold fronts and warm fronts differ? 


You have learned that air masses move. As one 
air mass moves away from a region, another air 
mass movos in. Tho place where two air masses 
moot is called a front, Changes in weather take 
place ata front. 

Fronts are named for the kind of air mass mov- 
ing into a region. The drawing shows what hap- 
pens when a cold air mass moves into a warmer 
air mass. The place where these air masses meet 
isa cold front. 

As the dense, cold air mass moves forward, it 
remains close to the ground. It moves under the 
less dense, warm air mass. This forces the warm 
air to rise quite rapidly. As the warm air is forced 


up, it cools. Water vapor in the air condenses. The 
‘water vapor changes to tiny drops of liquid water. 
These drops form clouds. The clouds that form 
along a cold front are often dark towering clouds. 


Cold ton! 


Tomado 
272 


Thundenstom 

Brief but heavy rain may occur alohg cold 
fronts. And wind speed may increase a great doal. 
‘Thunderstorms are common along cold fronts. 
Sometimes very wet, warm air is pushed up by a 
cold front. This can form a line of thunderstorms 
‘ahead of the front. Under certain conditions, tor- 
hadoes (tör na'doz) can form along with a lino of 
thunderstorms. A tornado is the most violent kind 
of storm, 

Tornadoes are narrow, funnel-shaped spirals of 
air. Wind speeds in a tornado may be as much as 
800 km/h. Tornadoes hang from the bottom of 


storm clouds. They move in a twisting path. From. 
time to time, thoy touch the ground. When they 
do, they can destroy buildings, uproot trees, and 
carry cars many meters through the air, 

During winter, a blizzard (bliz'erd) may form 
along a cold front. Blizzards occur when there are 
large differences in pressure between two air 
masses. Blizzards are snowstorms in which tem- 
peratures are below freezing and winds are very 
high. 

After a cold front passes, the temperature in 
the region drops; The sky usually clears and fluffy 
white clouds may be seen. Why does the temper- 
ature drop after a cold front passes? 

Now look at the drawing that shows a warm 
front. A warm front is the place where a moving 

i leets a colder air mass. The 
dense, cold air iriáss remains close to the ground. 


As the less dense; warm air mass moves forward, 
itslowly slides. upand over the cold air mass. As it 


Warm front 


slowly rises, the warm air cools. Water vapor in * 
the warm air condenses. High thin, feathery 
clouds may form. They are a sign that a warm 
front is coming. 

A warm front passes through a region more 
slowly than does a cold front. As the warm front 
moves, thick low clouds may form ahead of it. 
Steady, light rain may fall for a day or more. 
"When the warm front passes, the temperature 
rises and the sky slowly clears. 


How does the weather change? 
Materials thermometer / barometer 


Procedure 
‘A, Scientists observe changes in the weather to 
help them better understand and predict them 
You can also do this. Fist, you should make a chart 
on a sheet of paper. The chart should have 
columns for the day, the temperature, the amount 
of clouds, the air pressure, wind direction, and the 
weather conditions 


B. Vitite what day Itis in your chart, 


C. Read a thermometer that is in a shady place 
‘outside. Record the temperature in your chart. 

D. Read a barometer. Most barometers have on 
indicator that can be moved to line it up with the 
barometer needle. This indicator helps yau deter. 


mihe whether the air pressure has rison follen. or 
remained steady since the last reading, Line uo 
this Indicator with the needle. In your chart, in. 
dicate whether the air pressure is rising, falling, or 
steaay. 


E. Lock at the cloud cover, Indicate in your char! 
whether it is clear, partly cloudy, or cloudy. Also in- 
dicate the direction the wind is coming from. 


F. Indicate the weather conditions in your chart, 
You might use terms such as rainy, clear, or hazy. 


©. Ropeat steps B through F at the samo fime 
each day for 4 week 


Conclusion 
1. On what day was the temperaturo the highest? 
On what day wes it the lowest? 

2. How did the barometer change? 

3. Based on how the weather changed during the 
week and on today's weather conditions, what do 
YoU think the weather will be [ike tomorrow 


CLOUDS 


How are cloud types related to weather? 


There are many types of clouds. You have 
learned that different types of clouds form along 
cold fronts and warm fronts. Clouds are named 
for their shape. The type of cloud that forms de- 
‘pends on the conditions of the atmosphere. So the 
type of cloud that you see depends on the 
weather, 

‘The large fluffy white clouds often seen during 
fair weather are called cumulus (kyWimyo los) 
clouds. Cumulus means “heap.” These clouds 
are flat on the bottom. Their rounded tops can bil- 
low high into the sky. 

The thin, wispy clouds that look like feathers or 
curls of hair are called cirrus (sir'es) clouds. Cir- 
rus means "curl." Cirrus clouds form high in the 
sky. The air at this height is very cold. So cirrus 


Cirus clouds 


are a sign of rainy 
loud near tho ground, 


Status clouds 


Finding 
[eem] 


[Date Type land 


Shralocumulus clouds 
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‘There are many other types of clouds. Some- 
times clouds have two names. This is because 
they have features of two types of clouds, For ex- 
ample, stratocumulus clouds are layers of cumu- 
lus clouds that cover the sky. Other word parts 
are added to the names of clouds. Nimbo or nim- 
bus means “rain.” Cumulonimbus (kyà myo lð- 
nim'bos) clouds are dark towering clouds. They 
usually bring thunderstorms. They form when 
rapidly rising air causes cumulus clouds to build 
up. Alto is a word part that means “high.” 

Look at the clouds shown on these two pages 
Read the name of each type of cloud. See if you 
can tell why each cloud was given that name. 


Cumulonimbus cloud 


Nimbostratus clouds 


IDEAS TO REMEMBER 


P The earth's surface and atmosphere are 
heated unevenly. Weather is caused by tho. 
uneven heating of the atmosphere 

> Weather is related to air pressure. Cold, 
dry air has the highest pressure. Warm, 
wet air has the lowest pressure, 

> An air mass is a large body of air that has 
about the same temperature and pressure 
throughout. The kind of air mass present 
determines the weather. 

> Differences in air pressure cause winds 
Sea and land breezes are local winds. 

> Global winds cause weather to move from 
west to east across the United States 

> Weather changes take place at fronts. A 
front is the place where two air masses 
meet. 

> The type of cloud that forms depends on 
the weather. 


—— Chapter 12 — —— 


Beyond the 
Solar System 


Have you ovor looked into the night sky and 
wondered how far itis to the edge of space? On a 
clear night you can see thousands of stars. Are 
there any stars so far away you cannot see them? 

People have always been interosted in space. 
What do you think this picture shows? It is a 
cloud of dust and gas in space. Scientists think it 
was left when a star exploded in the year 1054 

Objects like this are of great interest to people 
who study space. Scientists are trying to find out 
what lies beyond the solar system. They are also 
Interested in finding out how far space extends. 

In this chapter you will seo how to measure dis- 
tances to objects in space. You will earn about 
the life cycle of a star. You will also find out haw 
stars are grouped in patterns. 
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— ——PDISTANCES IN SPACE —— . 


What is a light-year?. 


You know that the sun and nine planets make 
up most of the solar system. The sun is at the cen- | 
ter of this system, All the planets move in orbits 
around the sun. Now imagine how large the solar | 
system must be. 

‘The solar system is very large. But the solar sys- 
tem is only one small part of a much larger sys- 
tem. The sun is just one of billions of stars that 
make up a large family of stars 

Do you have any idea how far bodies in space 
are from the earth? Look at the table. It lists the 
distance from the earth to other bodies in space. 


4 DISTANCES TO BODIES IN SPACE 


How far is it to the moon? To the sun? How far 
4 is it to Pluto? You can see that the distances are 
very large. As the distances get larger, the num- 
‘bers become more difficult to read. 


You are used to traveling much shorter dis- 
tances. Even if you were to travel across the 
United States, you would only go about 4,800 km. 
‘Therefore, the distances in the table may be too 
largo to fully understand. It may help to think 
about how long it would take to travel to different 
bodies in space. Imagine you are in a spacecraft. 
You are moving at a speed of 40,000 km/h. This 
is the speed needed to escape gravity once the. 
rocket engines are turned off. It is more than 400 
times faster than a car on a highway. 

Look at the drawing. Tt shows how long it would 
take to reach certain bodies in space. How long 
would it take to reach the moon? Could you reach 
Proxima Centauri (prok'se ma son tór') within 
your lifetime? It would take about 116,906 years 
to reach this star. It is even more difficult to imag- 
ine how, long it would take to reach a star that is 
farther away. Do you think people from the earth 
will ever visit other stars? 


49000 km 


Fito 6187 days 


in 156 days 


Piola Centauri 42700000 cays 


For centuries people have wondered about the 
size of the universe (yWne vers). The universe in- 
cludes all of space and all the matter and energy 
in it. People have wondered how far out space 
goes. They have wondered where it ends and 
even if it ends. 


‘Astronomer looking through telescope: 


The study of the universe and all the objects in 
icis a science called astronomy (o stron’e mé). As: 
tronomy includes the study of stars, planets, 
moons, and other objects in space. It is one of the 
oldest sciences. Scientists who study the universe 
are called astronomers (e stron'o mərz). 

In the picture above, the Italian astronomer 
Galileo is shown with his telescope. The scone 
may have occurred in the early 1600s. A modern 
telescopé is shown on page 287. 


Socramento Peak Observolory 


You have learned that distances between cer 
tain bodies in the universe are very great. How do 
astronomers work with such great distancos? 
Units such as meters and kilometers are used to 


measure much shorter distances. A larger unit is 
needed to measure distancos in space. 

Astronomers use the speed of light in measur- 
ing distances in space. Light travels great dis- 
tances in a short time. For example, light from 
the sun reaches the earth in about 8 minutes 
Light travels 300,000 km in 1 second (km/s). This 
is equal to 1,080,000,000 km/h. How much 
faster is this than a car on a highway? To find out, 
divide 1,080,000,000 by 100, which is about the 
speed of a car on a highway (100 km/h). 


* 

‘Astronomers decided to use 1 year as their time 
period. First they found the number of seconds in 
1 year. Then they multiplied this number by 
300,000 km. They found that the distance that 
ight travels in 1 year is 9.5 trillion km. The dis- 
tanco that light travels in 1 year is known as a 
light-year. Astronomers use this very largo unit 
of distance to measure distances in space. 

Tho drawing shows the distance from the earth 
to several stars. The distances are given in light: 
years. Gan you imagine these distances written in 
smaller units, such as kilometers? Traveling at 
the spood of light, how long would it take you to 
got to the star called Pollux (pol’eks)? 


Aseo De 


— CHARACTERISTICS OF STARS — 


How are stars different from each other? 


You may think all stars look alike. By looking 
closely you might observe that some soem 
brighter than others. You may even notice that 
somo appear to be slightly different in color, The 
great distances between stars and the earth make 
it hard to see all the differences. The most visible 
difference is brightness. The measure of the 
brightness of a star as seen from the earth is 
known as magnitude (mag'ne tüd). In the picture. 
which star is the brightest? 

The magnitude of a star depends on three 
things. The first is the star’s distance from the 
earth, Suppose two stars are exactly alike except 
for their distance from the earth. The one that is 
closer, will appear brighter. It will have a greater 
magnitudo. You can compare the magnitude of a 
star to the brightness of the headlights of a car. 
‘The closer the car is, the brighter its headlights 

, will seem. The closer a star is to the earth, the 
brighter the star will appear. 


The socond thing that affects the magnitude of 
a star is size, Stars differ greatly in size. Some 
stars are very small. Many of these stars are 
smaller than the earth. The sun, with a diameter 
of 1,392,000 km, is a medium-sized star. There 
are stars that have a diameter 10 to 100 times 
that of the sun, Supergiant stars have a diameter 
100 to 1,000 times that of the sun. 

‘The third thing that affects the magnitude of a 
star is temperature. Stars differ greatly in tem- 
perature. The temperature of a star also deter- 
mines its color. Look at the drawing that shows 
star temperature and color. Notice that red stars 
are the coolest stars. Which stars are the hottest? 


Suppose that two stars are the same distance 
from the earth. They are also the same size. All 
that differs is their temperature. One is blue and 
one is red. Which will appear brighter? The blue 
star will seem brighter because it is hotter. Tt will 
havea greater magnitude. 

A star's magnitude, then, depends on its dis- 
tance from the earth, its size, and its temper. 
ature. All three things must be considered. Re. 
member that wherf scientists speak of magnitude, 
they mean the brightness of a star as it is seen 
from the earth 


What things affect brightness? 


Materials 3 identical flashlights labeled X, Y, and 
2/ scissors / cardboard / tape / motorstick 


Procedure 

‘A. Cut throo circles of cardbord so that each will 
‘Gover the end of a flashlight. Cut c hole 4 cm in di- 
meter In the center of each circle. Tape Ihe ci 
Glos to three flashlights labeled X, Y. ond Z. 


B. Mark three positions on the floor, Position 1131 m 
away. Position 2 is 0 m away. Position 3 ls 20 m 
away. 

C. You will need threo of your clossmates fo helo 
you complete this activity. Give each student c lo- 
Valed flashlight. Have the students stand in c row 
at position 1 


D. Ask your teacher to darken the room. Have the 
_slécentstuin on thelr flashlights. 
1. How would you describe ihe brightness of 
‘gach flashlight? 


E. Have the student with floshlight X stay at post 
ton 1. Have the student with flashlignt Y move to 
podion 2. Have the student with flashight Z move 
to position 3. 

2. Which flashlight looks brightest? Dimmest? 


F. Cut a cardboard circio with a 2em hole In the 
Center. Cul another circle with a 3-cm hole In the 
Center, Replace the circles on flashlights Yond Z 
vatn these new circles. 


G. Hove the three students stand in a row at pos 
tion 3 ond turn on the flashlights. 
4. Which flashlight looks brightest? Dimmest? 


Conclusion. 
What wo things affect how bright the flashlights 
look? 


Poation2 
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— —— THE LIFE OF A STAR ——— 


What is the life cycle of a star? 


You may be surprised to know that stars have a 
life cycle. New stars are being “born” and old 
stars are “dying.” Of course, the life and death of 
stars does not happen overnight. Changes in stars 
take place over billions of years. The drawings 
show the stages in the life cyclo of a typical star. 
Not all stars will go through every stage. As you 
read, look at the drawings 
1. A star is formed from dust and gas in space. 
A cloud of dust and gas found in space is 
called a nebula (neb'ya la). The dust and gas 
in such clouds come together because of 
gravitational attraction. A tremendous 
amount of matter must collect for a new star 
to form, There must be as much matter as 
there is in the sun. As the matter in the neb- 
ula presses together, it gets hot. When 
enough matter comes together and the tem- 


perature gets high enough, a now star is 
Sn? 


young star 


. When a star first forms, it has a red glow. In 

this stage the star is large and cool, The mat- 
ter of the star continues to come together. 
When a star is “middle-aged,” it may be one 
of several different colors. It may bo blue, 
white, yellow, or red. The color depends on 
the temperature. The temperature depends 
on the amount of matter that collects. The 
more matter that collects, the hotter the 
star is. So, a hot, blue star forms when a 
great deal of matter collects. A cool, red star 
forms when a smaller amount of matter col- 
lects. The sun is a yellow star. It is larger 
and hotter than a red star but smaller and 
cooler than a blue star. Which star in the 
drawing could bo the sun? 
A star beginning “old age” often swells up 
to form a red giant. A red giant is a star that 
lis many times larger than the sun. The tem- 
perature of a red giant is lower than that of 
the sun. Some scientists believe that the sun 
will enter this stage millions of years from 
now. 


block wart 


white dvert 


5. After a while a red giant begins to collapse 
into a smaller star. It becomes hotter and ap- 
pears white in color. A small ster in this 
stage is called a white dwarf. I: may be 
about as large as the earth. Because it is 
small, a white dwarf does not appear bright 
The drawing of the life cycle of a star on 
page 293 shows a white dwarf. 

6. Onco most of a star's fuel is gone, it will en- 
ter the last stage of its life. The star will be- 
come a black dwarf. In this stage the star 
has no heat or light. It is a cold, dense object 
in space. 

Not all stars follow these stages. Stars that col- 
lapse into the white dwarf stage sometimes ex- 
plode and become very bright. An exploding star 
of this typo is called a nova. After the,explosion 
the star will slowly shrink and grow dim. Some- 
times a very large star may explode violently 
‘Then it is called a supernova. The Grab Nebula 
shown on pages 282-283 is a supernova. 


NEUTRON STAR 


BLACK HOLE 


+ Stars that explode into supernovas sometimes 
collapse into very dense stars called neutron 
stars. A neutron star is much smaller tan a 
white dwarf, even though it has more matter 
packed into it. 

Some scientists think that the gravitational pull 
ofa neutron star can be so great that the star dis- 
appears. When this happens, a black hole forms 
A black holo is a region in space that was once 
occupied by a star. Some people believe that the 
gravity of a black hole is so great that not even 
light can escape. The drawing above shows how a 
black hole might look 


FAMILIES OF STARS — — 


What are the shapes of galaxies? 


By this time you probably know that there is 
gravity everywhore in the universe. Each body in 
space attracts every other body. Because of grav- 
ity, no bodies are all alone in space. Instead, 
bodies in space collect in families. The sun is one 
of billions of stars that form the family called the 
Milky Way. A large group of stars and other 
bodies in space is called a galaxy (gal'ek sé). The 
Milky Way is a spiral (spI'ral) galaxy. This type of 
galaxy is shaped like a flat disk, or wheel, with 
curved arms coming out from the centor. 


[oo 


The Milky Way is about 100,000 light-years 
from edge to edge. The solar system is about one 
third of the way from the outer edge of the Milky 
Way. The sun is believed to b one of about 200 
billion stars in the Milky Way. Can you find the 
sun in the drawing of the Milky Way on page 
296? 

Many scientists believe that all the objects in 
tho Milky Way revolve around its center. This 
means that the sun and its planets are moving 
‘around the center of the Milky Way. The Milky 
Way is so large that it takes tho sun 250 million. 
years to go once around. It is possible that the sun 

is just now returning to the place where it was be- 
fore dinosaurs were on the earth. 


ELUPTICAL GALAXY (op); SPIRAL GALAXY (bottom) 


298 


All galaxies aro not spiral-shaped. Two other 
types of galaxies have been discovered. Ono of 
these is the elliptical (i lip’to kel) galaxy. An el- 
liptical galaxy is like a spiral one, but it does not 
have arms. There are more elliptical galaxies than 
spiral galaxies. But the elliptical galaxies aro not 
as large or as bright. Most of the stars in elliptical 
galaxies are very old. 

Another kind of galaxy is called an irregular 
(reg'yə lar) galaxy. An irregular galaxy does not 
have a definite shape or size. Some scientists be- 
lieve that this type of galaxy may have formed 
when two or moro galaxies bumped into one an- 
other. 


à 


Solal galaxy 

Many astronomers believe that entire galaxies 
are mpving. They think that galaxies are moving 
toward the outer edges of the universe. The gal- 


axies seem to be moving away from each other. 
The belief that galaxies are moving is part of a 
„theory that suggests that the universe is expand- 
ing. No one seems to know why the universe is 
expanding. No one knows if it will ever stop ex- 
pancing. What is your theory about the universe? 


MOVEMENT CF GALAXIES 


Can you make a model of the moving galaxies? 


Balloon size. 


Distance between dats 
tin mm] 


vow vox |vev|vioz 


Materials round balloon / fell-lip pen / sting / 
Aem twist-tie / metric ruler 


Procedure. 
A. Copy the data chart: Blow up a round balloon 
to à small sizo. Tightly twist a twist-tie around the 
neck of the balloon so that the air doos not es- 
‘cape. The balloon represents the universe. 


B. Uso a felt-tip pon to mark five dots on the bal- 
loon. Label the dots V. W. X. Y. and Z. Dot Vis In the 
center. Dots W. X, Y, and Z ore an equal distance 
from dot V. The dots represent the galaxies, 


C. Use string to measure the distance from V to 
cch of the other dots, Find these distances in mi 
Imeters by placing the measured string against a 
meterstick, Record these distances, 


D. Untie the twist-le. Blow up the balloon to o me- 
dium size. Twist the Iwist-tie around tho neck of the 
balloon. Repeat step C. 
4. Have the distances between dots change? 
2. Find the difference between the measure- 
ments on tne small balloon and on the me- 
dium balloon 


E, Untie the twst-tie. Blow up the balloon to o 
large size. Twist the fwistie around Ihe neck of the 
balloon. Repeat step C. 
3. Have the distances between the cots 
changed? 
4. Find the difference between the measure- 
ments on the medium balloon and on the 
large balloon. 


Conelusion 
4. How isthe expanding balloon like the universe? 
2. if dot V represents the Milky Way and the other 
dots represent other galaxies, what is happening 
tothe galaxies? 


E 


STAR PATTERNS 


What is a constellation? 


People have always been interosted in the ob- 
Jects they could see in the sky. For centuries 
People have gazed into the night sky and won- 
dered about stars. They have wondered about 
Such things as what stars were made of and how 
big they were. As people watched, they noticed 
that stars seemed to form groups. Poople ob- 
served that even though the stars seemed to 
change position, the groups stayed together. 

Ancient people saw patterns in these groups of 
stars and gave them names. Today wo call these 
star patterns constellations (kon sta ia'shonz) 
One of the best-known constellations is the Big 
Dipper. Another is Scorpio (sk6r‘po o), shown on 
Page 289. Have you ever seen theso constella- 
tions? Can you name other constellations? 


Finding 
out 


Why do stars seem to move? You may know that the 
slats seem to move in the sky. But you do not see them 
moving. They seem fo move because the earth moves, 
You can show how the stars soem fo move. You will 
feed a black umbrella and a star chart. Use chalk to 
draw a few familiar constellations on the underside of 
the opened umbrella. Be sure fo draw the North Siar at 
The point where the handie connects with the ribs of 
the Umbrella, Slowly turn the handle of tho umbrella 
counterclockwise, This shows how the stars saem to 
move in the sky os the earth tums. 


‘The constellations helped people keep track of 
certain stars in the sky. People could watch the 
movoments of these stars. They used these star 
movements to measure time end the seasons. 

How did the constellations first get their 
names? Years ago ancient people named many 
constellations for people or animals. Some exam- 
ples are the Great Bear, the Little Bear, and Draco 
(the Dragon). These names are still used today. 

Some constellations are shown on this page. 
‘The drawings show the main stars in the con- 
stollations. They also show the figure that each 
star pattern looks like. The main stars in a con- 
stellation have names. For examplo, Sirius (sir‘®- 
0s) is part of the Big Dog. Sirius is also the bright- 
est star in the sky. Vega (vé'ga) is a star ir. Lyra 
(ire). Lyra is a constellation that is the shape of a 
lyre, a type of harp. Pollux is part of the con- 
stellation called the Twins. Seo if you can find 
some of these stars in the drawings of the con- 
stellations. Do the constellations really look like 
the things for which they were named? 


[-— IDEAS TO REMEMBER 


> Astronomy is the study of the universe and 
all the objects in it. Scientists who study 
the universe are called astronomers, 

> The distance to objects in space is mea- 
sured in light-years. A light-year is the dis- 
tance light travels in 1 year. 

> Magnitude is a measure of the brightness 
ofa star as seen from the earth. Magnitude 
depends on the distance of a star from the 
earth. Magnitude also depends on the size 
and the temperature of a star. 

» The color of a star and its temperature are 
related. The coolest stars are red; the hot- 
test are blue, 

> New stars are always forming and old ones. 
are dying, During its life cycle a star may 


change color, temperature, and size. 

> A galaxy is a group of billions of stars. A 
galaxy may be spiral, elliptical, or irregular 
inshape. 

X A constellation is a group of stars that 
seem to form a pattern. Ancient people 
named constellations for familiar objects 


UNDERSTANDING IDEAS 


A. List three characteristicsthat determino tho magnitude of 
asi 5 f 


Tho drawings below show some of the stages in the life 
Cyclo of a star. Write the numbers of the drawings to show 
.. the correct order. Describe each Stage, 


E et qe favorite constellation. Kind out the story be- 

„ hindits name. Draw the constellation, 

2. Make up your ©wn constellation. Write a story telling how 
3t got its name. 


Science in Caree 


Many people are concerned about 
the condition of the world around. 
them. Soil conservationists holp 
farmers make the hest use of land 
without damaging it. [fa farmer has 
a problem with soil erosion, the soil 
conservationist can help solve it. 

As you know, fossil fuels are an 
important source of energy. So the 
petroleum geologist (pe 1518 əm 
je oo jist) has an important job. 
‘This person is a scientist who looks 
for new sources of oil. Tho petro- 
leum geologist is usually one of a. 
team of people who carry out this 
task 


Sal conservationist, 


Astronomen 
Some people are always seeking: 
answers to quostions about the uni- 
verse. Such people may one day 
wantacareerin astronomy, | 
- Most people think of astronomers 
As stargazers. But astronomers of 
today spend little time gazing at the 
Sky through a telescope. Most of 
their time is spent examining photo- 
graphs and studying the informa- 
tion gained through research, Some 
astronomers work in observatories. 
An observatory is a building with 
‘special equipment for studying ob- 
Jects in space. Almost all astrono- 
mers do research or are teachers in 
colleges. 


People in Science 


Rachel Carson (1907-1964) 

Rachel Carson was a biologist and 
assolence writer. In her most famous 
book, Silent Spring, Carson warns 
about DDT, a chemical that is used. 
to kill insects that feed on crops. She 
points out that DDT pollutes the en- 
vironment in a way that affects 
many living things, including 
People. She explains how DDT poi- 
sons the food supply of animals. As 
a result of Silent Spring, many laws 
‘were passed that changed the ways 
in which DDT could be used. Carson 
worked for the U.S. Fish and Wild- 
life Service for many years. 


[At esscemeges oy oor 


— UN OU S E 


Discovering 
the 
Human Body 


Suppose you owned a valuable car. You would 
‘want to do everything you could to keep it run- 
ning its best, Your body is the most valuable thing 
you will ever own. And it too must be properly 
cared for. 

Your body needs the right foods to function. 
What foods are the children in the picture eating? 
Your body also needs exercise and regular health 
checkups. Which picture shows people exercis- 
ing? Whois giving the child a checkup? 

In this unit you will learn about the systems 
that support and move your body. You will also 
learn about systems that transport needed mate- 
rials through your body. You will see how injuries 
and disease can affect those body systems: And e 
you will learn how to keep your body healthy. 


so 


Chapter 13 


Support 
and 
Movement 


Have you ever played volleyball? Have'you ever. 
thought about how your body movos when you 
Tun or jump up to hit the ball? Every time your 
body moves, dozens of muscles and bones are put. 
into action. Muscles and bones work together to 
move your whole body when you play volleyball, 
And muscles and bones work together to move 
Your fingers, hand, and arm when you write, 

In this chapter you will learn about bones and 
muscles. You will learn what they look like and 
how they work together. You will also learn how » 
to keep them healthy. 
am 


— YOUR BODY'S FRAMEWORK — 


What jobs does the skeleton do? 


You may know that some animals have a soft 
body. Many of them live in water, Tho water. 
helps support their body. Some animals have a 
hard outer covering that supports and protects 
their body. Still other living things have bones in- 
side their body. These bones make up the skelo- 
ton. The skeleton (skel'a ton) is the system of 
bones that supports and protects the body and 
the organs inside it. The skoloton is also called the 
skeletal (skel'o tol) system. What parts of the hu- 
man skeleton can you name? 


THE HUMAN SKELETON 


The skeleton of your body can be compared 
with the steel framework of a building. Tho pic 
ture shows a skyscraper being built, The stool 
beams give the building its shape and support. 

‘The skeletal system forms the framework of 
the body. It supports the body and gives it shape. 
But it does other jobs, too. Some parts of the 
skeleton protect soft parts of the body. For ox- 
ample, the brain, heart, and lungs are protected 
by the skeleton. 

‘The skeleton is different from the framework of 
a building in an important way. The steel frame- 
work of a building cannot move. But the skeleton 
Can move. It can move because muscles are at- 
tached to the bones of the skeleton, Muscles 
make the bones move. 

‘Many parts of the skeleton help support and 
protect the body. In fact, the skeleton has 206 


bones that help'it do its jobs. There are two kinds 
of bones in the head. They are the bones of the 
face and the bones that protect the brain. These 
+ bones are joined together and form tho skull. 


BONES OF THE SKULL 


The skeleton in the middle part of the body is 
made up of the backbone and ribs. You have 
learned that the backbone is made of many small 
bones called vertebrae. Run your finger along 
your backbone. Can you feel the vertebrae? 
These bonos protect many nerves in your back. 
They also help support your body. 

Some of the bones of your backbone are at- 
tached to ribs. There are 12 pairs of ribs, The ribs 
protect organs inside the body. Look at the draw- 
ing below. Which organs do the ribs protect? 
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heart 


LI 
The shoulders, arms, hips, and legs are also 
parts of tho skeleton. The shoulders are made of 
flat bones. These are the collarbones and the 
shoulder blades. Find the collarbonos in the draw- 
ing above. Can you find these bones in your body? 
‘The hips are made of bones in the shape of a 
bowl. The bowl shape of these bones helps sup- 
port and protect the organs inside tho body. Find. 
these bones in the firawing on the next page: 


———————P à 


Long bones make up the arms and legs. The 
center of these bones contains a soft material 
called bone marrow. Refer to the drawing below. 
You may have seen bone marrow inside round 
bones of boof. The bone marrow inside of some 
bones produces new blood cells. This is another 
important job of the skeletal system. 


The drawing on the right shows the bones in 
the arm and the leg. Compare these bones. Notice 
that the leg bones are longer and heavier than the 
bones in the arm. The strength of the leg bones 
allows them to hold the body upright when walk- 
ing or running. The long bone in the thigh is 
called the femur (fo'mor). It is the longest and 
heaviest bone in the body. 


pass ct cartiage When you were born, your skeleton was mado « 
of soft, bonelike material that bends. This mate- 
rial is called cartilage (kar'ta Jij). As you grow 
older, much of this cartilage changes to hard 
bone. Not all the cartilage in the body changes to 
bone. Feel the tip of your nose. Feel your ears. 
‘These body parts are made of cartilage. 

Cartilage is important in other places in your 
body. You know that the backbone is made of 
many small bones. Nerves travel out from be- 
weon these bones. If the bones were able to rub 
against one another, they would also rub against 
the nerves. This would be very painful. But there 
are pads of cartilage between the bones. These 
pads prevent the bones from rubbing against the 
nerves. Pads of cartilage are also found at the 
ends of the long bones in your arms and legs. The 
pads act as cushions, or shock absorbers. 


Do you know? 


Some scientists belleve thot 
human cariloge may ene doy 
bo used fo prevent, treat, and 
¡even cure some diseases. Re- 
secich shows thet cartilage 
‘gins a speciel substance called 
anttinvosion factor (AIR). Scion- 
tists have removed AlF from car- 
Wage. They have found that AIF 
stops ino growth of cancer, They. 
beliove that AF may also pre» —— 
vant blindness caused by diabe- 
tos. And it may also cure some: 
gum diseases, Scienlistshope _ 
thet they wil one day be able to, 


produce Ain the loberatory. Cartilage seen through a microscope. 


— — WHERE BONES MEET — — 


What are fourkineis of joints? 


You know that parts of your skeleton can move. 
‘They can move because of the way bones are 
Joined together The place where two or more 
bones are joined together is called a joint. Most 
joints in the body allow the body to move. Bones 
are held together at joints by strong cords of tis- 
sue called ligaments (ligís ments). The drawing 
on the right shows ligaments in the knee joint. 


Ballang socket joint ofthe shoulder F 
Move your arm around. How many different 
ways does it move? Your arm can move in many 
directions. The kind of joint that allows the most 
movement of bones is a ball-and-socket joint. 
This joint is formed by a round knob at the end of 
one bone. The knob fits into a hollow cavity, or 
socket, at the end of another bone. The drawing 
above shows the ball-and-socket joint that con- 
nects the upper arm to the shoulder. 3 


Hngelointofiheknen 


Pivot joint ot ine neck 
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A ball-and-socket joint allows bones to move in 
many directions. But some bones can only move 
back and forth. This is because they are con- 
nected by another kind of joint. A hinge joint al- 
lows bones to move back and forth, Your knoe is a 
hinge joint. Move the bottom part of your leg. 
How is this movement different from the way 
your upper arms can move? Where else do you 
have a hinge joint? 

Turn your head from side to side. Your skull is 
attached to your backbone by a pivot joint. This 
Joint is between the first two vertebrae. A pivot 
joint allows for movement from side to side. 

You have learned that the bones of the skull are 
Joined together. But the bones of the skull cannot 
move. The kind of joint between bones that can- 
not move is called a fixed joint: 


Fixe joints ofthe skull 


—— MUSCLES MOVE BONES — 


How do muscles move bones? 


You have learned that bones form the frame- 
work of your body. You also know that bones 
Move. Bones aro able to move because muscles 
move them. The whole skeletal system is covered 
with muscles. Muscles are made of soft but 
strong tissue. The muscles in the body make up 
the muscular system. You have more than 600 
muscles. The drawing shows the muscles of 
someone who is running, 


‘Muscles are attached to bones by tough cords 
called tendons (ten'donz). You can fool tendons in 
your hand and wrist. You can also feel the big ten- 
don that connects the large muscle in the calf of 
your leg to your heel. The drawing below shows 
this tendon, 


Most muscles of the body move bones. To do 
this, the muscles must contract. When a muscle 
contracts, the muscle becomes shorter and 
thicker. Muscles also relax. When a muscle re- 
laxes, the muscle becomes longer and thinner. 
Muscle is the only kind of tissue that can contract 
and relax. The contracting and relaxing of mus- 
cles causes them to move. 

‘Most muscles that move bones work in pairs. 
One muscle pulls a bone in one direction. The 
cther muscle of the pair pulls the bone in the op- 
posite direction, Muscles can only pull. They can- 
not push. To make a bone move, one muscle 
shortens, or contracts, This pulls the bone and 
moves it. The other muscle of the pair relaxes. 


You can observe how pairs of muscles contract. 
and relax to move a bone in your body. Place your 
loft hand over the muscle on the top of your up- 
per right arm. Move the lower half of your right 
arm upward, as shown in the drawing below. You 
should feel the muscle in your right arm bulge. 
This musclo bulges because it is contracting. As it 
contracts, it pulls the bones in your lower arm up- 
ward. Now feel the muscle on the underside of 
your right arm. This muscle should feel soft. It is 
soft because itis relaxed. 

Now lower your arm. Again feel the pair of 
muscles on the top and underside of your upper 
arm. Which one contracts? Which one relaxes? 
The drawings show what these muscles look like 
as you raise and lower your arm. 


muscle wiced 


What happens when muscles become tired? 
Materials clock er waten with second hand 


Procedure 
A, Copy a paragraph from any page in this book. 
Then move the fingers of your writing hand quickly. 
{as though you were playing a plano, Keep moving 
your fingers until your fingers or arm become tired. 
Now copy the same paragraph again, Compare 
the way your handwriting looks in the two samples. 

4. Was it harder to write when your fingers were. 

tired? 
2. How do your wo handwriting samples differ? 


B. While seated, raiso one leg as shown. Record 
the lime you begin, Keep your leg raised until it be- 
comes tired. Record the fime when you put your 
leg down. Rest for 30 seconds 

3. How long cla you keep your log ralsad?. 


C. Repeat step Bat once. 
4. Hew long did you keep your leg raised this 
time? 
5. How do the results for stop 8 compare with 
these results? 


Conclusion 
1. How do tired muscles affect how well you can 
do a tax? 
2. How do tired muscles affect how long you con 
doa tax? 


Using science ideas 
Repeat steps B and C five times in o row. Graph 
your results, Suppose someone rides o bicycle 
every day for an hour. How might this affect fat 
person's results for steps B ond C? 


— TWO GROUPS OF MUSCLES — 


What are two groups of muscles? 


You can control some of the muscles in your 
body. You can control muscles that help you 
walk, run, sit down, get up, or jump. The muscles 
that you can control are in a group called volun. 
tary muscles. Voluntary musclos are attached to 
bones and other muscles. They move these bones 
and muscles. The pictures show some of the 
many activities that are possible because of vol- 
untary muscles. 


Muscles that you cannot control are in a group 
called involuntary muscles. You need these mus- 
cles to stay alive. Suppose you had to control your 
heartbeat, You would have to think about moving 
your heart muscle every moment of your life. 
Other involuntary muscles are in the stomach and 
intestines. They move food through these parts of 
the body. Involuntary muscles also move blood 
through the blood vessels. They oven cause you 
to blush or to turn pale. 


Finding 


out \ 
Aro your eyelids controlled by both voluntary and in- = 
voluntary muscles? Look at your eyes nc miror. See a 
how lona you can keep from blinking. Wine kind of a 
muscles cause you to blink? Blink your oyes four fimes in 1 
Grow. What kind of muscles allow you lo do this? cay 
Now look in the mirror a! the pupil of one eye. The pu- ten 
polis the dark circular opening In the center oF tho ove. cen] 
Itcontrals the amount cflight that enters the eye, Ar fe 
you look in the miror. have another student shine a dim os 
flashlight beam on the pupil of one eye, What heppens U 
lo the size of Ihe pupil? What kind ef muscle controls thre 
the pupi? sim 
bon 
calle 
There are three kinds of muscles. Most muscles ce 
that move bones are made of long fibers. These draw 
are voluntary muscles called skeletal muscles. there 
The picture shows what skeletal muscle looks like pou 


under a microscope. 

The involuntary muscles that make up most 
body organs are another kind of muscle, They are 
called smooth musclos. These muscles make up 
the inside of the blood vessels, stomach, intes 
tines, and other organs. Smooth muscles, as seen 
through a microscope, are shown. 

A third kind of muscle is found in tho heart, 
This special kind of muscle, called heart muscle, 
is also involuntary. The picture shows heart 


muscle, as it appears under a microscope. The Bee 
| heart is the hardest working muscle in the body. dl 
It beats between 2 billion and 3 billion times dur. da 
| E E broken 
ing an average lifetime. You can see why the Rane | 
muscle of the heart is a special kind of muscle. 
Hear muscle Shows; 
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— BONE AND MUSCLE INJURIES — 


What are some common injuries of bones and 
muscles? 


Even though bonos are strong, they can be 
damaged. Have you ever had a broken bene? Be- 
cause most young people are vory active, they of- 
ten break bones. A crack or a break in a bono is 
called a fracture (frak’cher). There are different 
kinds of fractures. 

Usually when a bone breaks it does not push 
through the muscle and skin. This is called a 
simple fracture. Sometimes the broken end of a 
bone pushes through the muscle and skin. This is 
called a compound fracture. Look at the drawing 
of a compound fracture, Compare it with the 
drawing of a simple fracture. Why do you think 
there is a great danger of infection with a com- 
pound fracture? 


AMPLE FRACTURE ‘COMPOUND FRACTURE 


Because bones contain living tissue, they can 
repair thomselves. The parts of broken bones are 
put back in place, or set, by a doctor. Then the 
broken parts will grow back together. A cast 
holds the broken bones in place. The picture 
shows a cast being put on a broken arm. 


Proper woy olla noaw object 
ES 


‘The ligaments that connect bones can also bo 
injured. A sprain is an injury in which a ligament 
is stretched or torn. This happens when a joint is 
forced to move in a way other than the way it nor- 
mally moves. Football players often suffer torn 
ligaments of the knee joint when they are hit 
from the side, Ankle and wrist sprains are also a 
result of torn or stretched ligaments. 

Sometimes muscles are injured. Some muscle 
injuries are caused by overuse of a muscle. A 
muscle strain is an injury caused by over- 
Stretching a muscle or tendon, Muscle strain of- 
ten results when someone lifts a heavy object in 
the wrong way. The pictures show the correct 
way to lift a heavy object. 

Did you ever wake up in the middle of the night 
with a cramp in your leg or foot? A cramp is a 
sudden strong contraction of a muscle. It can be 
very painful. But it does not usually last long. Of- 
ten you can help get rid of a cramp by rubbing 
the muscle. =. , 


- CARE OF BONES AND MUSCLES - 


How can you keep bones gnd muscles healthy? 


Thero are three important things you can do to 
keep your bones and muscles healthy. You can 
eat a proper diet. You can get enough of the right 
kind of exercise. And you can get enough rest. 

Eating a proper diet means eating the foods 
needed for healthy bones and muscles. There are 
four main groups of foods that make up & proper 
diet. The moat group contains protein foods 
needed for cell growth and to make new cells, 
The dairy group includes foods that contain min- 
erals that make bones hard. The foods in the fruit 
and vegetable group contain needed vitamins. 
The bread and cereal group foods provide energy 
needed for muscles to move bones. What foods do 
you see in the pictures of each group? 


Meat group Dalry group 


Fruit one vegetable group. 


DOCERE 


removed from them? 


Materials leg or thigh bone from uncooked 
chicken / jar / vinegar / paper towel 


XA 


Procedure 
A. Romove all the meet fom a chicken bone. 
Wash the bone in water and then cry it with a pa- 
Fer iowol. Feel the bone. Then gonty ty fo bend 
the bone, 

4. Does the bone feel hard or soft? 

2. Does the bono benc? 


B. Half fill a jor with vinegar, Place the bone in the 
jet. Allow the bone to remain in the vinegar for 5 
days. Vinegar removes minerals from bone. 


C. After 5 days, remove the bone from the jar. 
Al | | Wash the bone in water and then diy it with a pa. 
1 3 per towel, Feel the bone. Genty ty to bend tho 
Bone. 
3. How does the bone feel now compared with 
the way it felt in step A? 
4. Does the bone bend? 


Conclusion 
4. if you dia not eat foods containing mineral, 
a E what would your bones be like? 

2. How would a lack of minerals affect the ability 
‘of your skeleton fo support your body? 


Using science Ideas. 
Vitamin D is needed for strong bones and teeth. 
Find out why this vitamin is offen called the sun- 
shine vitamin. 


In addition to a proper diet, exercise is impor- 
tant for the growth and development of muscles, 
When muscles are not used, they shrink. This 
means they become smaller and weaker. Exercise 
keeps muscles strong. 

While exercise is important, there is a problem 
created by exercise. As energy is used in exercis- 
ing, food is burned, When the body burns food, 
waste products are left behind in the musclos. 
Rest helps get rid cf these wastes. Rest also keeps 
muscles from being overused. Sleep helps to relax 
muscles and rid them of waste matorials 


IDEAS TO REMEMBER 


> The skeletal system forms the framework 


of the body and protects soft hody parts 

> Most joints allow the body to move. The 
main kinds are ball-and-socket joints, hinge 
Joints, and pivot joints. Fixed joints do not 
allow movement. 

» Bones are moved when muscles contract 
and relax 

> Skeletal muscle is voluntary muscle. 
Smooth muscle and heart muscle are in- 
voluntary muscle. 

> Injuries to the skeletal system include frac- 
tures and sprains, 

> Injuries to the muscular system include 
strains and cramps. 

> Muscles and bones can bo kept healthy 
with proper diet, exercise, and rest. 


h kind of joint in the d 


Chapter 14 


Transport Systems 
of the Body 


This man is having a special kind of test, The 
doctor sitting at the machine is testing the man's 
heart. The man with the clipboard is watching 
the man while he exercises. This test can give 
much information about the health of the man’s 
heart and blood vessels. 

The heart and blood vessels carry food and oxy- 
gen throughout the body. They also remove cer- 
tain wastes. The heart and blood vessels form a 
transport system, 

In this chapter you will learn about the three 
main transport systems of the body. You will 
learn about the structures of these systems and 
how they work. You will also learn about some of 
the diseases that affect these systems. . 
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Donating blood 


all tho cells of the body. They can do this because. 
they contain a special chemigal called hemoglobin 
(he‘ras g15 bon). The hemoglobin in red blood cells 
Contains iroa and makes blood look rod. 

A rod blood cell looks something like a dough- 
mut without a hole. This shape is shown in the pic- 
ture. A red blood cell is very small, A single drop 
of blood contains about 5 million red blood celis, 


mio sis cal 

White blood cells are the second solid part of 
the blood. They help tho body fight infection. 
Some white blood cells are shown above. Whito 
blood celis do not conrain hemoglobin. Although. 
they are called white cells, they really have no 
color. White blood cells can change shape as they 
move. Sometimes they even squeeze through the 
walls of blood vessels. They move out into in- 
fected parts of the body where they. dostroy bac- 
teria and other harmful things. White blood cells 
surround ard digest the bacteria. 

Platelets (plat’lits) are the third solid part of 
blood. Platelets are not whole cells. They are 
parts of cells that control. bleeding. Like white 
blood cells, they have no color. They are much 


smaller than rod blood cells. Have you ever had a ^ 
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could bleed to a. 
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leath from a cut, 
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~~ -IRCULATION OF BLOOD — 
# docs blood move through the body? 


The cond main part of the circulatory system 
is the (arc. The heart is a strong, hollow muscle 
about | 10 size of a fist. It is located in the center 
of the chest, As long as you are alive, your heart 
never -. ops working, A normal heart beats about 
70 to O times per minute 

The: > are {our cavities, or hollow chambers, in 
the heart. Each upper chamber of the heart is 
called on atrium (@’tré am). There is a right 
atrium and a left atrium. Blood collects in these 
thin-walled chambers. Each lower chamber of the 
heart 5 called a ventricle (von'tro kel). There is a 
Fight ventricle and a left ventricle. Ventricles 
have thick, muscular walls. They are the pump- 
ing chambers of the heart. Between the upper 
and lower chambers is a flap of tissue, This tissue 
acis as a valve, The valve keeps the blood from 
flowing backward. The drawing to the right 
‚shows the heart chambers and valves. 

There are three kinds of blood vessels: arteries, 
veins, and capillaries. An artery (ärʻtər €) is a 
thick-walled blood vessel that carries blood away 
from the heart. It usually carries blood that is rich 
in food and oxygen. A vein (van) is a blood vessel 
that carries blood back to the heart from the body 
cells, This blood usually carries only waste prod- 
ucts. A capillary (kap's ler €) is a tiny blood ves- 
sel that connects an artery and a voin. Capillaries 
aro the smallest blood vessels in the body, They 
allow food, oxygen, and wastes to pass directly 
between the blood and the cells. 


‘lontverticle iett venice 


INSIDE THE HEART 


artery. 


VEIN, ARTERY AND CAPILLARIES 
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The drawing shows the path of blood through 
the circulatory system, Refer to the drawing as 
you read the steps. 

1. Begin in the left atrium. The blood has just 
left the lungs. It has a rich supply of oxygen. 

2. Blood passes from the loft atrium through a 
valvo into the left ventricle, From here the 
blood is pumped into a large artery. 

3. The large ariery branches into smaller and 
smallor arteries, These arteries go to all parts 
of the body. 

4. Blood from the arteries enters the capillaries 
Food and oxygen in the blood pass through 
the capillary walls into the cells. 

Carbon dioxide and waste products from the 
cells pass through the capillary wails into the 
blood 5 

8. From the capillaries blood enters the smallest 
veins, Tho blood flows from the smallest 
veins into larger and langer veins. 

Blood passes into the largest of the veins. 

8. The largest veins return blood that is poor in 
‘oxygen to the right atrium. 

9. Blood passes from the right atrium through a 
valve to the right ventricle, Then the blood is 
pumped into a large artery to the lungs. 

10. In the lungs the blood loses carbon dioxide 
and picks up a fresh supply of oxygen. 

11. Oxygen-rich blood from the lungs returns 
through veins to the left atrium, 

12. The whole cycle begins again. 


E 


x 


PATH OF BLOOD 


— DISEASES AND CARE OF THE — 
CIRCULATORY SYSTEM 


What are some circulatory problems? 


Severe cuts can cause a loss of blood. No one 
can afford to lose large amounts of this substance 
"The best way to stop bleeding is to apply direct 
pressure to tho wound. A clean cloth should be 
used to apply the pressure. To prevent infection, 
the wound should be covered with a bandage. A 
large, deep cut should be checked by a doctor. 

Blood can also be lost in a nosebleed. The best 
way to stop a nosebleed is to hold the head 
straight and pinch the nostrils together. Some. 
times a severe nosebleed must be treated in a 
doctor's office ora hospital. 


. Each of the three main parts of the circulatory 
system can become diseasefi. For example, fat 
may build up in the walls of arteries. The inside of 
the arteries may then become clogged. The clog- 
ging of an artery is similar to the clogging of a wa- 
ter pipe with minerals. The drawings show how. 
clogged arteries and clogged pipes are alike. 


‘clogged pips 


Heart attack is a common heart problem. Tr oc- 
curs when the supply of blood to part of the hoart 
is cut off. Usually the blood cannot reach the 
heart because tho arteries that carry blood to the. 
heart are clogged. If the blood supply is cut off 
too long, the heart can be permanently damagod. 
^^ person can die from a heart attack, It is a lead- 
ing cause of death in the United States. 

High blood pressure is another serious problem, 
Blood flowing through tho arteries presses 
against the artery walls. This pressure is called 
the blood pressure. It can be measured with a 
special device. The picture shows a person having 
his blood pressure tested. Sometimes the bload 

Toking blood pressure 


Low-fat foods 


pressure is too high. This causes the hoart to 
work harder than it should. High blood pressure 
can often be controlled with certain kinds of med 
icine, 

A longer and healthier life can be enjoyed by 
people who take care of themselves. Certain stud- 
ies have shown that foods high in fat can clog the. 
arteries, Clogged arterios make tho heart work 
harder. This condition can also cause high blood 
pressure. Some people are more likely than oth: 
ers to get clogged arteries from fats in food. So, 
they should eat foods that are low in fats. Some 
diseases of the circulatory system are less likely 
10 appear in thin people. It is a good idea to watch 
your diet to avoid becoming overweight. 


Exercise is also important for a healthy circula 
tory system. Like other muscles, the heart 
benefits from exercise. Making the heart work 
harder with exercise helps to make it stronger. 
Exercise like swimming, jogging, and jumping 
rope is good for the heart. 


y 


mmm 


Materials stopwatch or wristwatch with second 
hand 


Procedure 

^A: Work with © porter. Sit quietly and find your 
pulse as shown, Hold your index finger and midele 
finger cacinst your wrist at the base of the thumb, 
Press firmly. Make sure vou can feel the pulse. 


B. Take your pulse for 1 minute. Have your partner 
tell you when 1 minute has passed, Record your 
pulse. 

= 4. What was your pulse rate? 


C. Toke end record your pulse rate two more 
times. Find and record the average rate. (Add the 
three readings and divide by 3.) 

2. What was your average pulse rate? 


4D. Jog In place for + minute. Then take your pulse 
| tate again 
© 3. Whatis your pulse rate after jogging? 


E. Toke your pulse rate atter jogging two more. 
“limes, Be sure there is a rest period before each 
4erninule period of jogging 


F. Record your pulse rate ofter jogging. Find and 
„ecord the average pulse rate after jogging. 
4. What is your average pulse rote after Jog- 
(^ .ging? How does it differ from your average 
"pulse rate while sitting quietiy? 


Conclusion 
^. When is your puke rale greater, while sitting or 
atter jogging? 

2 What s the difference between the average sit- 


ding pulse rate and the average jogging pulse 
rate? 


an 


Pulserate 
[hile sitting 


Pulserate 
affer jogging 


Receiving oxygen 


—— THE RESPIRATORY SYSTEM 


How does air move in and out of he lungs? 


^ healthy person can live several weeks with- 
out food. It is also possible for a healthy person to. 
live a few days without water. But a person can 
live only a few minutes without air. A constant 
supply of air is necessary for life 

When you breathe, air enters your body 
through your respiratory (zes'par o tre) system. 
The respiratory system is another transport sys- 
tem of the body. Tt works closely with the circula- 
tory system 10 put to use the oxygen in the air 
you breathe. 


Recall that oxygen from the air is needed by liv- 
ing celis to release energy from food. The oxygen 
combines with food to release energy. This is 
called respiration. Respiration is the process by 
which each body cell gets oxygen and releases 
‘energy from food. Carbon dioxide and water are 
also given off. The respiratory and circulatory 
systems work togeth®r during the process of 
respiration, 


Tp drawing shows the respiratory systom. The 
Steps below tell how oxygen in the air travels 


y to the cells inside the body. 


from outside the boc; 
1. When a person 


INSIDE THE LUNGS 


4. At the ends of the tiny branches in the lungs — 
are the air sacs, The air sacs look something 
like a bunch of grapes. They have vory thin 
walls. Each sac is surrounded by a capillary. 
Gases can pass from the sacs into the capil- 
aries and from the capillaries into the sacs, 

: Every time a person breathes in, tho air sacs 
fill with air. Oxygen from the air leaves the air 
secs and enters the blood through capillaries. 


The oxygen that Ipaches the body cells from 
the lungs is used to break down. food. When food. 
is broken down, energy is released. Carbon diox- 
ide is also released from the cell às à waste prod- 
‘uct. The carbon dioxide passes into the blood and 
is carried to the lungs. In the lungs the carbon 
dioxide passes from the capillaries into the air 
sacs. When a person breathes out, the carbon 
dioxide passes from the air sacs to the bronchial 
tubes. From there it goes to the outside air, 

The diaphragm (də fram) is a thick sheet of 
muscle at the bottom of the chest cavity. It moves. 
down when a person bréathes in. This movement 
spreads the ribs and allows the. Jungs to expand. 


This process is called inhaling (in haling). When 
a person breathes out, tho diaphragm moves up 
and the ribs come together. This movement 


pushed air out of tho. lungs. This process is called 
exhaling (eks hál'ing). The drawings help show 
how air enters and leaves. the lungs. 


Finding 
out 


How does the diaphragm help to fill up the lungs? 
Yeuwill need a 2-1 plastic bottle, two round balloons, 
scissors, and 2 rubber bands, Cut the boffie in half 
Place one of the balleons through Ihe opening of the 
bottle, Streich the balloon opening over the bottle: 
opening. Hold fno balloon in place with a rubber band. 
Think of this balloon as the lungs. Cul the neck off the 
other balloon. Stretch this balloon across the bottom of 
the bottle, Hold the balicon ln place with a rubber 
band. Think of this balicon as the diaphragm. Pull down 
‚on the stretched balloon. What happens fo the balloon, 
inside the bottle? Explain how this action islike that of 
the lungs and the diaphragm, 


YÀ OX 


N) 


How much air do your lungs hold? 


Materials large empty plastic milk jug with cap / 
lostic dishpan / rubber tubing / drinking straw / 
masking tope / grease pencil / graduate 


Procedure 

A. Work with a partner. Place o plece of masking 
tape on a plastic milk jug from top to bottom as 
shown. 


B. Fil the jug with water. Screw the cop on the juo. 
Fill a cishpan about one third full of water. Ploce 
the jug upside down in the water, Carefully remove 
the cap. Do not et air bubbles enter the jua. 


C. Ask your partner to hold the Jug so that it does 
not tip over, Place one end of the tubing inside the 
jug. Put a straw in the other end of fne tubing, Take 
‘a deep breath and blow through the straw. 

4. What hoppensto the water in the jug? 

2. Where dici the airin your lungs go? 


D. Replace tne cap on the jug. Co not let ony 
‘extra water out of the Jug. 


E. Remove the jug from the dishpan. Turn the Jug. 
tight side up. Mark the level of water on the tape. 
E. Uso a graducte to fill the jug with water. 
3. How much water did you adc? What does this 
water represent? 


G. the amount of water you just added to the jug 
is equal to the amount of alr you blew into the Jug. 
4. How much air cid you blow into the jug? 
H. Repeat steps B=F hwo more times, Take an aver- 
age of the three volumes of cir collectad, 
5. What was the average volume of air blown 
into the jug? 


Conclusion. e 
How much cir do your lungs hole? 


— DISEASES AND CARE OF THE — 
RESPIRATORY. SYSTEM 


What are some common respiratory diseases? 


Think back to the last time you had a cold 
Colds are one of tho most common diseases of tho 
respiratory system. Colds are easily spread from 
One person to another, Every time a person 
sneezes or coughs, germs are sprayed into the air. 
People nearby may breathe in the germs. Then 
they may get the cold. Always cover your nose 
and mouth when you sneeze or cough. Always 
wash your hands. Why should you do this? 


Ragweed=a plant nat causes olleg es 

Do you know someone who has allergies? An al- 
ergy is a strong reaction to a substance that is 
not normally in the body. Plant pollen and dust 
are such substances. They often enter the body 
through the respiratory system. These materi 
can cause sneezing, headaches, or difficult 
breathing. Many people are allergic to the pollen 
of ragweed, shown in the picture. 


NI 
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Bronchitis (brong kr'tis) is another respiratory 
disease. In this disease the bronchial tubes he- 
come red and swollen. Sometimes bronchitis can 
lead to other diseases of the lungs. 

Another disease of the respiratory system is 
lung cancer. Lung cancer has several causes. One 
cause is breathing polluted air. Another cause is 
smoking cigarettes. The pictures show a lung 
from a porson who did not smoke and a lung 
from a smoker. Which would you rather have in 
your body? Over half the people with lung cancer 
smoked cigarettes. Because of the dangers of 
smoking, every package of cigarettes must carry 
a warning label. 


Healthy lung 

Regular exercise is needed for a healthy re- 
spiratory system. When strenuous exercise is 
done, the diaphragm becomes stronger. A 
stronger diaphragm allows a person to take in 
more air, With more air in the lungs, more oxygen 
can be sent to the’ body cells. Then the cells can 
work better to release energy from food. 


Smoker's lung 


~— THE EXCRETORY SYSTEM 


What waste products are removed by the. 
excretory system? 


The excretory (eks’kro tór €) system is the 
transport system that removes waste products 
from the body. Waste products are the unwanted 
materials left over from life processes such as res- 
piration. Living things will die if they do not get 
rid of waste products. 

Many body parts get rid of waste products, The 
kidneys are among the main organs of the excre- 
tory system. But the lungs and the skin may also 
be thought of as parts of the excretory system. 

The lungs get rid of one main waste product. 
This product is carbon dioxide. They also get rid 
of some moisture. Those materials leave the body 
each lime a person exhalos. You may be surprised 


to learn that the skin is also a part of the excre- 
tory system. One layer of the skin contains sweat 
glands, Find them in the drawing. When a person. 

‘sweats, water leaves tho body. This water con- 
tains many waste materials. Sweating gets rid of 
extra water and wastes 


LAMER OF san 


Replecing iost uis 


Most of the waste water in the body is removed 
by the kidneys. Normally, a person has two kid- 
neys. They are located in the lower back, one on 
each side of the backbone. The drawing shows 
where the kidneys are located. 


EXCRETORY SYSTEM, 


bicdder 


All the blood passes through the kidneys. As it 
does, the kidneys take out waste materials and 
excess water. These dissolved wastes and excess 
water are taken through small tubes to the blad- 
der for storage. Finally, the water and wastes 
leave the body as urine (yur'en). Urine is water 
with wastes and salts dissolved in it. Solid human. 
waste is removed from the body by the large in- 
testine, which is part of the digestive system. 

Tf the kidneys become diseased, they may stop 
working properly. Harmful waste products will 
then build up in the hody. People with diseased 
kidneys can use a special machine to remove 
wastes from the blood. A person using one of 
‘these machines is shéwn in the picture. These 
machines have saved many lives. 


To keep the excretory system healthy, a person. 
should drink several glasses of water each day. 
The water will replace water that is lost when 
waste products are remove. Water can be sup- 
plied to tho body by various foods. It is found in 
such foods as milk, soup, and juice, as well as in 
juicy fruits and vegetables 


IDEAS TO REMEMBER 


> The transport systems of the body are the 
circulatory system, the respiratory system, 
and the excretory system. 

» The blood, the heart, and the blood vessels 
are parts of the circulatory system. 

> The circulatory system carries food and ox- 

Y ygen to cells and carries away wastes. lt 
also protects the body from disease. 

» The nose, the trachea, the bronchial tubes, 
the lungs, and the air sacs are parts of the 
respiratory system. 

> The respiratory system brings oxygen into 
the body and removes carbon dioxide and 
some water, 

» The parts of the excretory system include 
the kidneys, the skin, and the lungs. 

> The excretory system gets rid of waste 
products. 


[Reviewing the Chapter 


SCIENCE WORDS. 
A. Identify each of the following, 


1. Tt is a type of blood vessel, Its walls aro thin. It carries 
blood from the body cells back to the heart, What is it? 

2. Iris a thick sheet of muscle. It is found at the bouem of 
the chest cavity. It helps in breathing. What is it? 

3. Iris one of tho solid parts of the blood. It holps fight in- 
fection. What is it? 
Tt is one of the body's transport systoms, It carries food 
and oxygon to the body cells. It defends the body 
against disease. What is it? 


Write the letter of the term that est matches the defini- 
tion. Not all the terms will be used. 


1. Lower chamber of the heart. a. capillary 
2. Windpipe b. inhaling 
3. Cell that helps in clotting 9. red blood cell 
4 Waste formed of wator and dis- — d. atrium 
solved salis ©. larynx 
5. Thick-walled blood vessel £ oxhaling 
6. Coll shaped like doughnut g. trachea 
without hole ^h. ventricle 
7. Process of breathing out d urine 
8. Upperchamber of heart 4. platelet 
9. Voice hox k. artery 
10. Smallest blood vessel 1. white blood cell 


_ UNDERSTANDING IDEAS 


| =^ Mako a chart like the one shown, Write cach science term 
under the correct heading of the chart, 


Kidneys airsacs — bronchialtubes skin 
diaphragm 
ventricle 


USING IDEAS 


1. Use clay, paper, or other material to make a model of the 
heart. Label the parts of the model. 


Science in Curee, 


‚Emorgoneymadiealtechnelans 
| "There are many careers available 
in the health field An emergency 
medical technician (EMT) is a pub- 
licchealth worker. EMTs usually 
work in teams on rescue squads, 
They give aid in many situations 
They give on-the-scene treatment 
to victims of automobile accidents, 
hoart attacks, near drownings, and. 
poisonings. This type of emergency 
treatment saves thousands of lives 
each year. An EMT must have at 
least an 80-hour basic course, The 
nood for additional training varies, 
Physical therapists help people 
with diseases or injuries of muscles, 
bones, joints, or nerves. They test 
the Strength of muscles and develop 


exercises. They help disabled 
people adjust to physical problems. 


Dietitians (di'a tish onz) provide 
an important health service. Some 
dietitians work in schools and busi- 
ness. They plan menus so that 
meals have the proper amounts of 
foods from each food group. Many 
dietitians plan specjal dies for 
People in hospitals aud nursing 
homes. 


People in Science _ 


Willlam DeVries (1948- ) 
Dr. DeVries is the skillful young 
“surgeon who placed the first per 
manent artificial heart into the 
chest of a human being. Dr. DeVries 
prepared over 3 years for the task. 
He practiced the operation 200 
times on sheep and calves. For more 
information about this operation, 
69 Do you know? on page 338. 
Dr. DeVries enjoys the challenge 
of surgery. "You have to pay atten- 
tion to a million different things at 
/' he says. "You know you're 
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- [Developing Skills 


WORD SKILLS. 


Many packaged foods have a nu- 
trition panel on their label or box. 
The nutrition panels on the next 
page show how much of each nutri- 
ent is in a certain amount of food. 
Nutrients are materials that are 
needed for good health. 

Use the nutrition panels to an: 
swer these questions. 
1. What does US. RDA mean? 
2. How much magnesium does 

each cereal provide? 


3. What is the amount of carbohy- 
260 


Mora pon | Meaning 
The table lists some word paris | konce | bronchial tubes 
that come from other languages and cardio- heart 
gives their meanings. Use the table | ewe. | red 
to help you write a definition for Mua cae 
5 © 
ST UU VUE across, to the other sce. 
can do this by breaking each word 
into parts, For example, the word 255 x A 
hemophilia is made up of these aan 
parts: herno-+ -philia. ;wellng of 
1. hemophilia B. erythrocyte ‚sclonceof 
2. cardiology 6. hemostasis ee 
3. leukocyte 7. cardiograph debo end 
4. bronchitis 8. transport 
READING NUTRITION PANELS 


drates in 1 oz of each cereal? 

4. How much fat is in Y cup of 
whole milk? 

5. Which cereal provides more vita- 
min C? How much more? 

6. Both cereals provide less than 2 
percent of which nutrient? 

7. How much vitamin A is provided 
by one serving of each cereal with 
whole milk? How much vitamin A 
is still needed to have 100 percent 
of the U.S. RDA? 

8. For cereal A, which nutrients are 
supplied by the cereal alone? 


doses 


sese 


Ej 
Ei 


USING NUTRITION PANELS 


Took at and compare the nutrition 
‘panels on two similar foods. For ex- 
ample, you could compare a pack- 
aged white bread with packaged. 

. whole-wheat bread. Or you could. 


. compare grape juice with grapo - 


-. drink. Answer these questions about 
"the foods you comparo. 
1. Which of the foods contains more 
nutrients? 


2. Of the nutrionts that are the 
same for both foods, which food 
supplies more of the U.S, RDA of 
each nutrient? 

3. Compare the price of food per 
ounce, fuid ounce, or gram. 

. Does one food cost more than the 
Other? If so, which food costs 
more? In your opinion, which 
food is the better buy? Explain 
your answer. 


Units of Measurement 


Iwo systems of mecsurement are used in tho Unica 
States the metric s ‘and the English system. Feet. yards, 
Pounds, cunces, and quaris cre English units. Meters, Klo- 
meters, klogrems, grerrs, end liters are metric units. Only 
metric measuremionts cre used in science, The folowing 
tables list some metric and English units, The fables show 
what each unit s approximately equal to in the other Sy 
tem. Tho metric mass/English weight relationships hoidtue — 
for objects On the earth. 


> 
Lesson Questions 


To the student 


Reading your book wilt help you 
leam more about the world around 


you. Your book will provide answers. 


to many questions you may have 


About living things, the earth, space, 
matter, and energy  - 

On the following pages you wilt 
find questions from each lesson in 
your book. These questions will help 
test your understanding of the terms 
and ideas you read about. 


There are two kinds of questions. 
Youcananswerthe first kind by using 
the information you read in each 
lesson. Careful reading will help an- 
swer these questions. 

The second type of question Is 
called "Thinking like a Scientist.” 
‘These questions are more challeng- 
ing. The answer may not be found 
Just by reading the lesson. You may 
have to think harder. 


Activities of Green Plants 


LIVING THINGS ARE ALIKE 

(pp 4-5), 

4. Name three things that plants end. 
‘animals need fo stay alive. 

2, Name the tive life processes. 


Thinking like a Scientist 

Life processes are activities that keep 
living things alive. Why is reproducing a 
lite process? 


TRANSPORTING MATER! 
Pe 


4, What three things do green plants 


need to make food? 
2, Describe therole of root hairs, 


Thinking like a Sclentist 

Gardeners sometimes dig around the 
bose of a plant fo loosen the soll. How. 
aes this benefit the plant? 


FOOD MAKING IN A LEAF 

po. 12-15) 

4, Define the term photosynthesis. 

2, Identify the three ports shawn in the 
awing. Describe the role of each 
partin photosynthesi 


Ideas. Suppose a sci 

the looves of plants were tne most Im- 
portant structure for absoroing water. — 
How might the scientist test this Idea? 1 


USING THE ENERGY IN FOOD 
(9p. 16-0) 


4. Define the term respiration. E 
2. Look ct tho chert on page 17. Com- 
paro photosynthesis and respiration 
in terms ot whore ihe processe: 
“place and what happens to | 


Thinking li 
Many people 
just, T i 


[7 Animals Without a Backhone 


CLASSIFYING LIVING THINGS 
(pp. 28-29) 


4. What do scientists do when they clas 


j c few animals in the 
groups 
‘Look at pictures of vertebrates and in- 
vertebrates. Compare sizes of these two 
Groups of animals, What conclusions can. 
“you make by comparing the sizes of ver- 
febrales and invertebrates? What rsa- 
sons can you give for your observations? 


believed that sponges were planis. 
Why, do you think, opte 


Thinking liko a Scientist UN 

How do you suppose sponges attach 
themselves to rocks en the ocean bot- 
tom? 


ANIMALS WITH STINGING CELLS. 
(pp. 2-39 


4. Identity the opening, hollow sas 


2. How do slinging celis hele a de 
capture food? 


Thinking like a Scientist 3 

When jellyfish die Gnd wash up onto | 
jhe shore, they disappear much fastor 
than do fish that cie ond wesh up onto 
the shore. Why, do you think, does this 
happen? 


WORMS 
(pp. 38-38) Y 


i Iden the animals shown here. 


Thinking re as niat 
A storybook for ifle chiléren con- 
icinec the following paragraph 
- little Wendell Worm was crawling hap- 
-pily through the desert soarching fer a 
new place lo me a nest in the sand. 
He hod been moving along ot a fost 
pace when suddenly he looked up and 
* spoiled o fa} robin. “Oh nol” squeaked 
Wendell "I'm in trouble new“ And he 
dashed over fa the nearest bush and 
hid'under a large green (ear. - 
What is scientifically wrong in this par- 
pho. 
2 


ANIMALS WITH SPINY SKIN. 
[2x27] 


4, Define the lem enchinoderm. 
2, Wal are two uses of the tube feet on 
sieh? 


Thinking like a Scientist 
A startsh hos lightsonsitivo spots ot 
tho tips of its oms. Why wouldn't it be 
botton for the starfish fo have the spots in 
the center of ils body? What cisadvan- 
` tages can you think of for having spots 

vat the tips of tne arms? 


ANIMALS WITH A SOFT BODY 
(pp 41-44) 


A. Define the term mollusk 


2, Name throe two:shelled mollusks. 
3. How dosnails cnd slugs move? 


Thinklag like a Scientist 
animal were classed simply an ap- 

pearance. the jellyfish. octopus. ond 

squid might all be grouped togothor. 

Why aren't these 

gious? 


mois in the same 


ANIMALS WITH JOINTED LEGS 
er) 
A. Define the torn arihroged. | 
2. What isan excskeloion? 
3. identify the thee main parts of this in 


4. bpian what an mec entennce. 
do. 


Thinking like Scientist 

Most types of invertebratos live In wa- 
tor. Most arthropods do net. What paris 
of their bodies enable arthropods to live. 
on land? 


FISH 
0 
4. Dofino the term cold-bieodea! 


2; Explain how a fish breathes, 
3. identify the parts of this fish. 


PT 


- Thinking like a Sclentist 
Do you think its possible to catch fih. 
through o hole in a ftczen lake? Explain 
your answer in scientific terms, 


AMPHIBIANS 

(po 61-82) 
Name three common amphibians. 
What changes occur In d tadpole os 
Hgets older? 


Scientists can draw conclusions about | 
what an animal sals by fo WR a 


REPTILES 

(pm 65-6) : 

4. What cre the characteristics of a rep- 
dile? 

2. Name feurgroups of reptiles. 

3 How ist posible for a make 10 = 
an animal larger than its mouth? 


Thinking like o Scientist 
An animal called the hoined toad is 
often mistaken for an ampl ut 


the homed toad is a reptile. What things 


dood ihat would tell vouit is a reptile? 


BIRDS 

[ED 

A. Define the term warm-blooded. 

2, Why are a biid's bones and the co 
trel shafts of ls feathers hollow? 

3. Why must some birds soend most 
iheir time hunting for foo 


Physical Chunges in Matter 


PHYSICAL PROPERTIES. 

u 

4. Name five physical properties of mat- 
"er 


2. A block of balsa wood and a block of 
ebony have the some volume. The. 
block of ebony has more mass. Which, 
has tne areater density? Why? 


Thinking like a Scientist 
Why da helium balloons float? 


PHYSICAL CHANGES 
(pp. 186-147), 


^. Why is getting a haircut an example 

- efaghysicalchenae? 

2 These drawings show partes of wo- 
ter in three states. Identify each state 
of matter. Tell what water in each 
state is called. 


3, What must be to change a 
solido a liquid or a liculd fo a gos? - 

4. Define the term meli 

5, At what temperature does water - 
change from a liquid to a solid? At 
what temperature does it change 
trom a liquid ro a gas? 

How is tho matting point of a sub- 
stanco different from ils tcez 
point? 


Think ng like a Scientist 
How are liquids ike honey, tree sop, 
tar, and gue different: from liquids Ike 
water, milk, and orange juice? Explain 
the difference in terms of fno movement - 
of porlicies : 


MIXTURES 
lpp 142-144) 


1, Define the ferm mixture 
2. How is a mixtura different from a com 
pound? 


Thinking liko a Scientist 

Alt contains Ihe gases oxygen, nilo- 
gen. argen, and carbon dioxide, Scien- 
fists descibe cit as being a mixture. 
What does this tell you about the gases 
nan 


TWO KINDS OF MIXTURES 
Ip. 145-148) 


4, Wnatisa solution? 

2, Name the two paris of a solution, Ex- 
lain what each partis, f 

3. Whotis c su 


Thinking like a Scientist 

‘Two boys decide lo point meir bicy- 
cles. They have four unmarked cans of 
paint. Two of the cans have water as a 
basic Ingredient. The other Iwo cans 
fave cil, ho boys mix two cans, How wil 
they know If they have mixed c can of 
paint containing water with a can con- 
taining oi. 


ANOTHER KIND OF CHANGE 
| (p. 45-150] 


4, How is a chemical change different. 
fomaphysicalchange? — 


2. Wiilo whether each crewing shows c 
Physical change or c chemical 
change, 3 


Thinking like a Scientist. 

What physical changes and chermica: 
changes take placo lo make 
hot buttered popcorn? 


ELECTRICITY. 
(BB. 156-158) 


^. Is electricity matter or energy? How 
do you know? 

2. If an atom has 6 protons, what else. 
wilit need ro have a neutral charge? 
What wil tl need to have o negative 
charge? Whol will ii need fo have a 
Positive charge? 


Thinking like a Scientist 
, Benjamin Franklin observed the effects: 
br static clootrony on objects He pre- 
used a theory that there must be an 
lectric fluid” in ihe objects. Mos he 
fight? Blain your answer, 


KINDS OF ELECTRICITY 
(ep 150-100) 


1. Nome two kinds of electricity. Explain 
how they aitfer. 

2, Name throe motols through which 
current moves eosi. 


ing like c Scienti 

Suppose you attend & magic show. 
the megicion tokes a page of news- 
oper and waves a wand over it. Then 
he walks ever to a clean bienk wall, 
places tho poper on the well, and rubs 
the paper with a woo! cloth. Presto! Tho. 
Baby esate o dhis so- 
caled magie act in scientific le 


ELECTRIC CIRCUNS 
top 160-169] 


3. Identify the wo Npes of reals 


Thinking like a Scientist 
What type of circuit dees this flashlight 
have? How does fne flashlight work? 


HOW WEATHER BEGINS. 
(pp. 260-201) 


4. What kind of energy cousesweather? 

2. What happens to the sun's energy as 
it enters Ine atmosphere? 

3. Nome threo teosons way the sarts 
surface ls heated uneven y. 


Thinklngtike aselonti 
uses sunbum? Why do snow 
usa 


AIR PRESSURE AND WINDS 
{pp 285-265) 


1. What causes air pressure? 

42. Haw does the amount of water vapor 
Inthe orraffect air pressure? 

3. What causes wind? 

4, Whatisa soa broozo? 

5, Whatisa land breeze? 

$. Describe how warm air ond cold alr 
move in each picture. 


Changes in the Weather 


Thinking tk 


sit possible to have a sea breeze and 


a lend breeze at a lake? Explain your 
answer, 


AIR MASSES AND WEATHER - 
pp. 269-270) 


4. Whatisan air mass? 

2, Nome four kinds of air masses and rell 
where they form, 

3. Desctibe sx major areas where ai 
massostnatoftectiNorih America form 
Descilbe three of Ine olt masses, 


Thinking like a Scientist 

Plains states such as Kansos and Ar- 
Kansas have suffered tom droughts that 
have tumed huge areas info swiring 
dust bows. Why are the plains states 
more likely to have droughts thon states 
such as Oregon and Washington? 


— 


